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Schizotypy is a personality trait present in the general population which represents the 
psychosis continuum. Schizotypy is a potential vulnerability for transition towards frank 
illness. The same risk factors which are known to  exacerbate symptoms in schizophrenia are 
suggested to also operate at non-clinical levels such as in those with schizotypy. Not all those 
who express schizotypy will devolve into illness, and at present there is a gap in the 
understanding of factors which may differentiate individuals who will decompensate and 
those will remain highly schizotypal but will not experience clinical psychosis.  
We thus sought to investigate factors involved in the psychosis continuum which may 
provide insight into points of differentiation or targets for intervention and to contribute to the 
currently inconsistent literature regarding correlates of schizotypy. Both stress and cognitive 
impairments have been implicated at all stages of the psychosis continuum. As such an aim of 
the present  thesis was to understand the nature of stress and cognitive deficits in the context 
of schizotypy. To begin we undertook a systematic review to clarify the current 
understanding of stress along the psychosis continuum and to provide stress targets for 
further investigation within the thesis. 
Empirical chapter 1 focussed on understanding one of the key mechanisms thought to 
underpin stress response: cortisol. Using an experimental stress paradigm acute psychosocial 
stress response was assessed in 58 healthy participants. Results demonstrated that stress 
response following acute stress in those with high schizotypy parallels the blunted response 
seen in schizophrenia. Results of this study thus provided a point of similarity between those 
at the non-clinical and those at the clinical end of the continuum. 
Empirical chapter 2 involved the assessment of multiple types of stress in the context of 
schizotypy, and how trial-and-error spatial learning can be explained by stress. Using two 
studies of healthy undergraduates, study 1 (n = 70) demonstrated that stresses occurring in the 
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course of daily life (such as life events and daily hassles) did not account for performance on 
the task. Contrastingly, the acute stressor used in study 2 (n = 57) produced differential 
effects in learning performance in high schizotypes.  
Finally, empirical chapter 3 sought to investigate how high schizotypes experience stress in 
their daily lives and the subsequent effect on daily cognition. Using experience sampling 
methodology in 79 participants, we demonstrated that individuals with high schizotypy 
experience greater reactivity to minor stressors and subsequent impairment in cognitive 
functioning in daily life. 
Together the results of the thesis provide a clearer understanding of the complex interplay 
between stress and cognition in schizotypal individuals. As not all stress and cognitive targets 
studied here mimic problems seen in schizophrenia, they point to potential factors to 
understand different trajectories of risk in the psychosis continuum. Additionally, this thesis 
supports future research focussing on stress response and cognition as targets for 
modification, since they may provide the opportunity to affect functioning in individuals 
considered putatively at-risk for psychosis who have not yet (and may never) decompensate 
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Chapter 1: The psychosis continuum 
 
Psychotic symptoms are present in a number of disorders, but they are the defining 
symptom of schizophrenia spectrum disorders (Arciniegas, 2015). Those who experience 
schizophrenia spectrum disorders exhibit dysfunctional behaviours and thought processes 
which diminish their ability to distinguish reality from their own internal experiences. 
Schizophrenia spectrum disorders also have negative consequences for functioning, including 
day to day and social functioning such as reducing capacity to relate to others in meaningful 
ways. The two main classification systems for psychiatric illness, the Diagnostic and 
Statistical Manual for Mental Disorders fifth edition (DSM-5; American Psychiatric 
Association, 2013) and the International Classification of Diseases tenth revision (ICD-10; 
World Health Organization, 2004) both include impaired reality testing as a core feature of 
psychotic disorders. In this instance, reality testing is operationalised by the experience of  
delusions and hallucinations. 
 Although psychotic symptoms are traditionally a characteristic of serious mental 
health disorders, there is increasing evidence that people from the general healthy population 
can experience isolated psychotic symptoms or display personality features characteristic of 
schizophrenia (van Os, Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009). In fact, 
psychosis risk is thought to exist along a continuum extending from healthy individuals 
through to extreme clinical presentations. The psychosis continuum is the focus of this thesis 
(visually presented in Figure 1.1); as such the following chapter presents a brief description 




Figure 1.1 Visual representation of the psychosis continuum model 
 
1.2 Schizophrenia spectrum disorders and schizotypal personality disorder – the clinical 
end of the continuum 
At the extreme, clinical, end of the continuum lies schizophrenia spectrum disorders. 
These disorders include schizophrenia, schizoaffective disorder, delusional disorder, 
schizophreniform disorder, and brief psychotic disorder, organised on a gradient of 
psychopathology in the current DSM-5 (American Psychiatric Association, 2013). The core 
psychotic features of each of these disorders include: 
1. Delusions (firmly held false beliefs about reality) 
2. Hallucinations (sensory perception where stimulus is absent) 
3. Disorganised thought (formal thought disorder which is often seen as frequent 
derailment or incoherence in speech) 
4. Grossly disorganised, abnormal or catatonic motor behaviour 
5. Negative symptoms (diminished emotional expression or avolition),            




Schizophrenia is the most severe of these disorders and causes substantial disruptions 
to daily functioning and emotional distress for affected individuals across their lifespan 
(Lewis & Levitt, 2002). Schizophrenia has a worldwide prevalence rate of approximately 1% 
of the general population (Fusar-Poli & Van Os, 2013). The severity of the symptoms and 
associated deficits diminishes the level of functioning individuals had achieved prior to onset 
in at least one major area: interpersonal relationships, work, or self-care (Tandon, Nasrallah, 
& Keshavan, 2009). Schizophrenia typically has a lifelong course, severely negatively 
impacting daily functioning, social functioning, and connection to others throughout its 
duration (Tandon, Keshavan, & Nasrallah, 2008). Schizophrenia is listed among the top ten 
leading causes of disease-related disability in the world (World Health Organization, 2001). 
This has resulted in considerable financial burden with a review by Chong et al. (2016) 
estimating the global annual burden of schizophrenia ranges from US$94 million to US$102 
billion. 
Considered less severe than schizophrenia spectrum disorders, yet still above the 
clinical threshold of symptom expression on the continuum, is schizotypal personality 
disorder (SPD). Schizotypal personality disorder is characterised by consistent difficulties 
with social relationships and interpersonal deficits that result in discomfort with close 
relationships (American Psychiatric Association, 2013). Additionally those with SPD 
experience unusual perceptual experiences and enduring problems in reality testing, odd 
behaviour, and speech (Maróthi & Kéri, 2018). While individuals with SPD are considered to 
be at heightened risk for transition to schizophrenia (Parnas et al., 2015), a good number of 
individuals are able to function both at personal and community levels without the need for 
clinical intervention (Raine, 2006). Similar cognitive and structural abnormalities are also 
noted in those with SPD, although generally not to the same severity as seen in schizophrenia 
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spectrum disorders. In particular research has noted overactive mental imagery (Maróthi & 
Kéri, 2018), poorer episodic memory (Cadenhead, Perry, Shafer, & Braff, 1999), grey matter 
reduction (Downhill et al., 2002), lower metabolic rates in temporal regions (Buchsbaum et 
al., 2002), impaired inhibition (Moritz & Mass, 1997), poorer working memory (Mitropoulou 
et al., 2005) and impaired context processing (McClure, Flory, Barch, Harvey, & Siever, 
2008) in patients with SPD compared to healthy controls. With a prevalence rate just below 
4% (Rosell, Futterman, McMaster, & Siever, 2014), SPD is more common than 
schizophrenia, however less so than the presence of schizotypal traits in the general 
population (van Os et al., 2009). 
In fact, while the presence of schizophrenia is relatively uncommon, it is thought that 
psychotic experiences occur at a much higher rate than at the clinical end points; a recent 
meta-analysis has suggest that the prevalence for psychotic experiences in the general 
population is approximately 8% (van Os et al., 2009). This has led to substantial research 
attempting to understand why some individuals can experience a single psychotic symptom 
without then developing a psychotic disorder and are able to maintain high functioning. The 
investigation of psychotic symptoms in the general population permits the consideration of 
the psychological, biological and epidemiological factors underpinning these experiences 
prior to the onset of frank psychosis. It also permits identification of risk factors which are 
pertinent to transition to a full-blown psychotic disorder. As future studies of interventions 
are dependent on our ability to efficiently identify those most at risk for transition to 
psychotic disorder, phenomena which allow prediction and identification of risk are of 
particular importance. Crucial to the identification of at-risk individuals is an in-depth 
understanding of objectively identifiable and readily amenable aetiological factors associated 
with psychotic symptoms. Determining how these confer vulnerability for schizophrenia, and 
lead to the progression from healthy mental status to clinical disorder, is essential to 
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providing a framework for both interventions and identification of at-risk individuals.  
 
1.3 Schizotypy – the non-clinical end of the continuum 
 
One set of personality characteristics which are of particular interest for the 
consideration of psychosis risk are schizotypal traits or schizotypy. Schizotypal traits extend 
from the high, medium and low end of the psychosis continuum with decreasing psychosis 
risk associated with decreasing expression of schizotypal traits. Schizotypal traits are 
regarded as phenotypic indicators of a hypothetical liability for psychosis (Fonseca-Pedrero 
et al., 2018). Schizotypal traits are oddities or impairments in cognitive (e.g., unusual 
perceptions, ideas of reference), social/emotional (e.g., inappropriate affect, lack of close 
friends), and behavioural systems (e.g., strange speech and behaviour) (Cohen, Mohr, 
Ettinger, Chan, & Park, 2015). In this way, schizotypal traits parallel the clinical symptoms 
of schizophrenia, albeit in an attenuated form (Kwapil, Gross, Silvia, Raulin, & Barrantes-
Vidal, 2018; Linscott & Van Os, 2013). Like schizophrenia, the traits are seen to cluster in a 
similar manner to positive, negative, and disorganised symptoms observed in schizophrenia 
patients (Cohen et al., 2015). Schizotypal traits are similarly linked various factors of risk that 
predict psychotic disorder (e.g. demographic, genetic and environmental; Linscott & Van Os, 
2013; Morton et al., 2016).  
 From a clinical perspective, schizotypal traits are predictive of psychotic disorder 
onset (Debbané & Barrantes-Vidal, 2015) and also increase risk for other non-psychotic 
psychopathology (e.g., anxiety, suicide, and depression) (Fisher et al., 2013; Kelleher et al., 
2014, 2015; Schimanski, Mouat, Billinghurst, & Linscott, 2017). From a functional point of 
view, schizotypal traits have been linked to deficits in cognition, poorer mental health status, 
lower quality of life, and reduced daily functioning (e.g. Cohen et al., 2015; Ettinger, 
Meyhöfer, Steffens, Wagner, & Koutsouleris, 2014; Siddi, Petretto, & Preti, 2017). Such 
literature supports the notion that schizotypy is a useful target of research to understand the 
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pathogenesis of psychosis. From a methodological point of view, research focussing on low 
or moderate subclinical psychotic symptoms has a number of advantages compared to 
research in those with clinical psychotic disorders for example: 
 Less comorbidity, and thus less confounding of effects;  
 Less exposure to antipsychotic and other drugs, which may affect symptoms 
and outcomes; 
 The ability to access larger samples, which allows more accurate assessment 
of less frequent risk factors and pathogenic mechanisms, better statistical 
modelling prospects, and enables the opportunity for population-based 
research (Rössler et al., 2011). 
In addition, our understanding of clinical psychotic disorders suggests that they are an end 
point of an active process of change in the peripheral and central nervous system of those 
who go on to develop a psychotic disorder (Bois, Whalley, McIntosh, & Lawrie, 2015; 
Chung & Cannon, 2015). This process of transition could mean that the effects of a risk 
factor on an individual’s psychological presentation could be masked by the deleterious 
outcomes which eventuate once an individual develops a full-blown psychotic disorder. 
Accumulating evidence has pointed to the same aetiological, developmental, and 
phenomenological processes underlying both subclinical schizotypal traits and clinical 
manifestations of psychotic disorders (Insel, 2010). Thus, schizotypy provides an ideal model 
for examining these processes and their development.  
Last but not least, schizotypy as a personality trait has been linked with a number of 
functional and emotional deficits even in those who do not transition to frank psychosis, such 
as stress sensitivity, poorer attentional processing and increased negative affect (Cohen et al., 
2015). While much of the literature has focussed on the importance of schizotypy as a risk 
marker for psychosis, individuals who do not transition will still benefit from efforts to 
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improve knowledge of daily functioning in schizotypy. Schizotypal traits are of interest in 
and of themselves for their shaping of cognition, subjective and objective wellbeing, and 
daily functioning. 
There are three overarching views of schizotypy within psychosis literature – the full, 
quasi and discontinuous dimensional models. We shall now briefly consider each of the 
views in the context of the present thesis. Early views of schizotypy were dominated by 
Meehl who proscribed to a disease based “quasi-dimensional” approach of mental illness. 
Under this banner schizotypy emerges from gene-environment interactions, which would 
result in schizotaxia (an integrative neural deficit) (Meehl, 1990). Schizotaxia could then lead 
to a schizotypal personality organisation through interaction with other genes and 
environmental factors to result in schizophrenia (Grant, Green, & Mason, 2018) as such 
psychotic illness is considered to be the decompensated end-point of the taxon (Everett & 
Linscott, 2015). Meehl’s model is considered quasi-dimensional because, while symptom 
severity can vary within schizotypy (the taxon), it is contained to this taxon. There is thus a 
clear point of difference between healthy and schizotypal individuals. Under this model 
schizotypy is an intrinsic disposition which confers vulnerability for psychotic illness, with 
this liability increasing with greater exposure to additional risk factors (Meehl, 1990). 
Born from the Eysenckian view of personality, the fully dimensional model prescribes 
to the notion that all psychopathology is an extreme expression of personality. As such 
psychotic illness is part of the natural variation in personality expression and is just an 
extreme end of a fully continuous personality dimension. Initially championed by Claridge 
and colleagues (e.g. Claridge & Beech, 1995; Claridge & Davis, 2003), schizotypy is part of 
natural variation in the central nervous system which, when severe or exposed to the 
necessary environmental factors, can manifest in risk for mental illness (Rawlings, Williams, 
Haslam, & Claridge, 2008). As part of this model it is suggested there is continuity in 
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symptoms between clinical and non-clinical groups (Nelson, Seal, Pantelis, & Phillips, 2013); 
with the factor structure of non-clinical individuals (schizotypes) reflecting the factor 
structure in those at the clinical end (Wuthrich & Bates, 2006). As the fully dimensional 
model views psychotic disorder as a clinical endpoint of a set of traits expressed in both the 
general population and those with mental illness, it also allows for idea that there will be a 
number of individuals who will experience schizotypy without having accompanying 
dysfunction (Goulding, 2004).  
The final view of the psychosis continuum is the discontinuous dimensional model, a 
more recent conceptualisation of the psychosis continuum approach proposed by Linscott and 
van Os (2010). Proponents of this approach suggest that rather than a single continuum, there 
is actually an extended phenotype of psychosis. This means that rather than one continuum 
which sees the same psychotic symptoms in those at the extreme and the non-clinical end,  
the extended phenotype actually contains a number of discontinuous subpopulations unbound 
by clinical diagnostic criteria; which instead blend subtly with subclinical experiences 
(David, 2010). Under this banner the wide range of psychotic disorders represent individual 
clusters of continuous symptom dimensions alongside varying severity of impairments in 
function and neurocognition (van Os & Kapur, 2009). This essentially suggests that the 
population of those with psychotic experiences is comprised of two key groups; those who 
are vulnerable (some of whom are disordered) and those who are not vulnerable (Linscott & 
van Os, 2010). 
 
1.4 Measuring schizotypy in the present thesis 
There are three main schools of thought in terms of measurement of schizotypy. The 
first focuses on specific individual symptomology/behaviours. The most well-known of these 
are the Chapman scales, founded on the idea that healthy individuals experience attenuated 
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forms of psychosis (Chapman, Chapman, & Raulin, 1976). Their scales focus on personal 
experience over belief. Each of the Chapman scales focus on one particular aspect of 
schizotypy (perceptual aberrations, magical ideation, social anhedonia, impulsive non-
conformity, physical anhedonia, and hypomania). This ensures that each scale provides 
detailed consideration of individual features of schizotypy, however, it means when one scale 
is used in isolation it does not provide full coverage of all aspects of schizotypy. The 
Chapman scales capture both the positive (e.g. Magical Ideation) and negative features (e.g. 
Social Anhedonia) of schizotypy. Their focus on specific symptoms rather than a general trait 
expression means that they are less frequently endorsed in the general population, although 
their depth does mean they enjoy impressive validity rare among the other present scales 
(Mason et al., 1997). The Chapman scales are not the only ones to take a symptom-based 
approach. Other examples include the Launey-Slade Hallucination Scale (LSHS; Launay & 
Slade, 1981) which measures disposition to hallucinatory experiences and the Peters 
Delusional Inventory (PDI; Peters, Joseph, & Garety, 1999) which assesses delusional 
ideation in the general population.  While they both have reasonable reliability (Bentall & 
Slade, 1985; Fonseca-Pedrero, Paino, Santarén-Rosell, Lemos-Giráldez, & Muñiz, 2012) as 
they each only focus on a single symptom of schizotypy they are unable to provide a 
reasonable measure of trait expression as a whole.  
  The second school of thought derives from a focus on individual differences and links 
to the idea that schizotypy is simply a personality trait not necessarily linked to psychotic 
disorders and merely reflects the normal breadth of human experience. The main scales 
falling under this banner are the combined schizotypal traits questionnaire or CSTQ (Bentall, 
Claridge, & Slade, 1989) and the Oxford Liverpool Inventory of Feeling and Unusual 
Experiences or O-LIFE (Mason, Claridge, & Jackson, 1995). The CTSQ was created by 
combining 14 separate scales of symptoms or psychotic traits (e.g. anhedonia, magical 
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ideation and perceptual aberration) with the Eysenck Personality Questionnaire. Due to the 
extensive length of the CTSQ (420 items) it is not considered to be useful for experimental 
research (Mason et al., 1995). However a large scale study using the CTSQ demonstrated a 
four-factor solution for schizotypy which was the basis for the development of the O-LIFE 
(Claridge et al., 1996). The O-LIFE measures 4 dimensions of schizotypy (unusual 
experiences, impulsive non-conformity, cognitive disorganisation, and introvertive 
anhedonia) and views schizotypy as an individual difference that includes healthy variation in 
the general population (Grant et al., 2018). 
The third school of thought lies in the belief that schizotypy represents a dimensional 
approach to understanding psychosis and takes a broader clinical view. Scales include 
measures such as the Schizotypal Personality Scale (STA and STB; Claridge & Broks, 1984) 
and the Schizotypal Personality Questionnaire (SPQ; Raine, 1991). The SPQ is based on 
clinical diagnostic criteria for schizotypal personality disorder from the 3rd edition of the 
DSM. While originally intended for the identification of Schizotypal Personality Disorder, it 
is one of the most commonly used self-report measures for exploring schizotypal traits in 
non-clinical populations (Thomas et al., 2018). This scale captures beliefs and experiences, as 
well as behaviours, providing both a broad measure of the construct as well as specific sub-
clinical symptomology (Kwapil & Chun, 2015). While the SPQ is able to provide both a 
continuous and a dimensional account of schizotypy, this thesis is interested in investigating 
the relationships between specific risk factors with schizotypy as a consolidated trait. We also 
want to minimise the chance of conflation of results, as such we have chosen the SPQ as it is 
the most conservative estimate of schizotypy and is able to identify schizotypy levels (at the 
upper limit), which are seen in clinical populations (Raine, 1991). The SPQ has also shown 
good predictive validity with greater total SPQ scores in patient samples compared to 
relatives, and relatives compared to controls (Appels, Sitskoorn, Vollema, & Kahn, 2004; 
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Calkins, Curtis, Qrove, & Iacono, 2004; Vollema, Sitskoorn, Appels, & Kahn, 2002) and has 
been used in high risk research (Moritz, Andresen, Naber, Krausz, & Probsthein, 2002).  The 
SPQ has also been shown to correlate significantly with symptoms in the Structured Clinical 
Interview for DSM Disorders (r=.694, p<.01) (Mason et al., 1995), and has been used in 
multiple sample populations (Esterberg, Goulding, McClure-Tone, & Compton, 2009; Henry 
et al., 2009; Moreno-Samaniego, Gaviria, Vilella, Valero, & Labad, 2017).   
The present work follows the final approach to measurement, in that schizotypy is 
clearly conceptualised as a part of the psychosis continuum, and we aim to capture all 
features of schizotypy rather than focus on particular symptoms. As such we will be using the 
total score of SPQ rather than focusing on separate dimensions, this is in line with our 
conceptualisation of schizotypy as a general trait which confers risk for transition to frank 
psychosis rather than specific dimensions.  There remains a debate among researchers 
concerning the composition and dimensions underlying schizotypy. How many factors, 
characteristics, traits or behaviours are included depends somewhat on a categorical, 
dimensional, syndrome or individual differences point of view (Grant et al., 2018). This 
thesis makes use of the SPQ which captures the three-factor structure best supported by the 
fully dimensional model of psychosis consisting of: 
a) Cognitive perceptual (linking most closely with the positive dimension of 
schizophrenia), this dimension includes traits such as ideas of reference, 
suspiciousness, unusual perceptual experiences and odd beliefs;  
b) Interpersonal (paralleling the negative dimension of schizophrenia) encompassing 
characteristics such as anhedonia, constricted affect, social anxiety and a lack of 
social connections; and finally,  
c) Disorganisation which includes speech and behaviour considered odd by others 
(Raine, 1991).  
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Chapter 2: A systematic review of stress and the psychosis 
continuum 
 
This paper has been submitted: 
 
Walter, EE and Barkus E. (under revisions) A systematic review of stress and the psychosis 
continuum. Frontiers of Psychology. 
2.1 Introduction 
 
Schizophrenia and other psychotic disorders affect approximately 24 million people 
worldwide (Fusar-Poli and van Os 2013) and are one of the most debilitating and costly mental 
illnesses (Chong et al., 2016). Onset of illness is early, most individuals first experiencing florid 
symptoms between 15-25 years (Thompson, Pogue-Geile, & Grace, 2004). The course for most 
patients with schizophrenia is marked by the continual exacerbation and remission of symptoms, 
resulting in residual symptoms and functional impairment (Lewis & Levitt, 2002), and increased 
mortality rates (Gatov, Rosella, Chiu, & Kurdyak, 2017). Most patients will not experience full 
symptom remission (Fusar-Poli et al., 2012). Given the debilitating effects of schizophrenia for the 
individual, there is a need to develop novel strategies specifically designed to delay emergence of 
frank psychosis, reduce severity, and in an ideal world, prevent transition entirely. 
However, a better understanding is needed of how different causative factors interact with one 
another to confer risk, and negatively affect neurodevelopment, general functioning, brain function 
and structure to advance prevention research in psychosis (Lieberman, Dixon, & Goldman, 2013). 
Understanding of how risk factors operate has increased with the realization that psychosis risk exists 
on a continuum, extending from healthy individuals to clinical presentations. Healthy individuals may 
experience isolated psychotic symptoms and/or express the personality traits of schizotypy, a 
normally distributed personality trait comprising latent risk for psychosis (Barkus and Lewis 2008; 
Fonseca-Pedrero et al. 2018). Most individuals with schizotypal traits will not help seek and are able 
to manage or gain benefits from their unusual experiences. Further along the continuum are those 
considered in the at-risk mental state (ARMS). ARMS individuals are generally aged between 14-30 
years and are help seeking for clinically undifferentiated symptoms. ARMS individuals are considered 
at clinical risk (Yung, Fusar-Poli, and Nelson 2012) because they 1) experience subthreshold positive 
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attenuated psychotic symptoms, 2) experience brief limited intermittent psychotic symptoms (BLIPS) 
and/or 3) they have a first-degree relative with a psychotic disorder, or they themselves have 
schizotypal personality, along with 4) a decline in functioning over the last year (Yung and Nelson 
2013). A subset of these individuals will go on to develop a schizophrenia spectrum disorder (Welsh 
& Tiffin, 2014). The clinical end of the continuum encompasses schizophrenia spectrum disorders 
including schizotypal personality disorder, schizoaffective disorder, schizophreniform disorder and 
schizophrenia (American Psychiatric Association, 2013). Given that stress operates in all individuals 
across this continuum it is a possible candidate for moving people through at risk states. Along the 
continuum of psychosis, it is thought that risk factors operate in a similar manner, such that if stress 
exacerbates psychotic symptoms in patients it is likely to increase the expression of unusual 
perceptual experiences in those who express schizotypal traits. In the present review we will identify 
the potential for stress and stressful events to be risk factors along the psychosis continuum. 
Furthermore, those at genetic risk may be more vulnerable to the effects of stress from their 
environment (Gomes, Zhu, & Grace, 2019). Evidence from family, twin and adoption studies suggest 
that schizophrenia spectrum disorders are highly heritable (approximately 0.69; Wray & Gottesman, 
2012). No one single gene has significant predictive value at this point (Bergen & Petryshen, 2012; 
Gilks et al., 2012; McGrath, Mortensen, Visscher, & Wray, 2013), rather association studies highlight 
multiple genes coding for proteins as implicated in the pathophysiology of schizophrenia (e.g. Chubb, 
Bradshaw, Soares, Porteous, & Millar, 2008; Hänninen et al., 2006). Each gene accounts for a small 
amount of variance and few polymorphisms have received consistent replication, consequently the 
nature of genetic vulnerability is poorly understood (Modinos et al., 2013; van Os, Rutten, & Poulton, 
2008). Biological factors alone are not sufficient to explain the development of schizophrenia 
spectrum disorders rather biological risk interacts with environmental factors such as stress.  
 
Stressful events potentially provide a common element between previously considered 
disparate risk factors. For instance, prolonged sleep problems and substance use issues are currently 
considered consistent risk factors for schizophrenia spectrum disorders (Varese et al. 2012;  Barkus 
and Murray 2010). Long-term lack of sleep has often been reported in psychotic individuals (Monti & 
15 
 
Monti, 2005; Sasidharan et al., 2017). Additionally, both substance abuse and dependence are 
commonly comorbid with schizophrenia spectrum disorders (Barnes, Mutsatsa, Hutton, Watt, & 
Joyce, 2006). Stressful events are related to an increase in consumption and relapse for substance 
use/abuse (Fallon, 2008; Milivojevic & Sinha, 2018; Sinha, 2001; Twining et al., 2015), and are also 
related to reduced sleep quality and duration (da Estrela, Barker, Lantagne, & Gouin, 2018; Yan, Lin, 
Su, & Liu, 2018). This reflects a reciprocal relationship. Stressful events and the biological stress 
system can interact with both sleep and substance use to place additional strain on a vulnerable 
individual (S. L. Andersen & Teicher, 2009; Chouinard, Poulin, Stip, & Godbout, 2004).  Stress is a 
common human experience which occurs in any situation where the demands (actual, or perceived) 
outweigh the individual’s resources to deal with them (Aldwin & Werner, 2007). The key 
consideration for schizophrenia spectrum disorders is not merely the presence of stress but rather the 
magnitude and consequences of stress responses for already perturbed psychological and biological 
systems.  
The role of stress as a potential key factor involved in psychopathology is supported by the 
neural diathesis stress model (Walker and Diforio 1997). The neural diathesis stress model focuses on 
the hypothalamic-pituitary-adrenal (HPA) axis. Since its inception the model has undergone two 
major updates (Walker, Mittal, and Tessner 2008; Pruessner et al. 2017) with the most recent by 
Pruessner et al. suggesting that HPA axis abnormalities can be observed prior to the onset of frank 
illness.  
The link between stress and psychosis is not new, to date, at least 11 reviews (both narrative 
and systematic) have been completed. Thus far, reviews of life events have shown mixed results in 
relation to onset and relapse in established disorders (Fallon, 2008), with fewer recent life events 
reported in UHR samples compared to healthy controls (Kraan, Velthorst, Smit, de Haan, & van der 
Gaag, 2015), while other researchers (Beards et al., 2013) reported that 14/16 included studies noted 
an association between recent life events and subclinical experiences or presence of a psychotic 
disorder. Reviews concerning trauma predominantly focus on childhood and have demonstrated 
increased prevalence in UHR (Kraan, Velthorst, et al., 2015), established psychotic disorders (Sarah 
Bendall, Jackson, & Hulbert, 2010) and schizotypy (Velikonja, Fisher, Mason, & Johnson, 2015). 
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Additionally, a large-scale meta-analysis reported increased odds of exposure to childhood trauma in 
patient, prospective and general population studies (Varese et al., 2012). When considering biological 
correlates of stress, increased stress response, and abnormal pituitary and hippocampal volumes have 
been documented, with mixed results for cortisol response were reported in relatives and ARMS 
individuals (Aiello, Horowitz, Hepgul, Pariante, & Mondelli, 2012). Likewise reductions in the 
hippocampus are reported in first-episode and chronic schizophrenia patients (Adriano, Caltagirone, 
& Spalletta, 2012). Abnormal brain volumes were also noted for the pituitary in schizophrenia 
patients, first episode psychosis and UHR who had transitioned (Nordholm et al., 2013). Mixed 
findings for HPA axis functioning have been reported for first episode psychosis (Karanikas, 
Antoniadis, and Garyfallos 2014) and in patients (Bradley & Dinan, 2010). 
While these reviews certainly demonstrate the importance of understanding the link between 
stress along the psychosis continuum, there are a number of gaps. For example, to date no review has 
considered more minor stressors occurring in the flow of daily life such as daily hassles. Many of 
these reviews are meta-analyses which will only reflect the methodological quality of the papers in the 
consolidated analyses. Here we seek to provide a broader consideration of the issues inherent in 
capturing the relationship between stress and schizophrenia spectrum disorders. Additionally, with the 
exception of the comprehensive review provided by Pruessner et al. (2017), none of the reviews 
consider both biological and subjective experiences of stress within one article. Reviews conducted so 
far have also not considered all populations along the psychosis continuum, tending to focus on either 
“at risk” samples, established disorders or first episode psychosis. Only one review has considered 
schizotypy (Velikonja et al., 2015), and no review has considered this alongside samples of the 
clinical end of the continuum. As such, the current systematic review builds on this foundation by 
providing a consolidated review of studies concerned with the role of stress in relation to samples 
across the psychosis continuum. The authors also aim to provide direction for holistic investigation of 
the impact of stress on early pathophysiology of schizophrenia spectrum disorders with the inclusion 
of a variety of end points and stressors.   
2.2 Method 
This review was prepared in accordance with the PRISMA guidelines for systematic reviews 
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(Liberati et al., 2009).  
2.2.1 Eligibility Criteria 
Studies assessing associations and the relationship between stress and 
indicators/diagnosis/relapse of psychosis in the general population and schizophrenia spectrum 
disorders were included if the following criteria were met: 
1) Study design: cross-sectional observational, longitudinal or cohort studies, while 
experimental manipulation of the independent variables may be included, intervention 
studies are not of interest to the present review 
2) Publication status: published in an English language peer-reviewed journal (with full 
method section) 
3) Studies must be original research including at least one statistical technique (i.e. 
correlation, regression, structural equation modelling, t tests, etc.) for evaluating the 
relationship between stress and psychosis. 
4) Outcomes: 
a) Measure of stress: Included studies needed to specifically report how stress was 
assessed.  Outcomes of interest included, experiences such as life events, minor stresses 
occurring in the flow of daily life, trauma, and physiological indicators associated with a 
stressor such as structural abnormalities e.g. volumetric differences and functional 
indictors e.g. cortisol response. Studies that were interested in the content and/or severity 
of stress (e.g. type of trauma) were also included as a potentially important secondary 
factor. 
b) Measure of psychosis: Included studies had to report how psychosis, be it risk, 
symptom exacerbation or disorder status was measured. 
5) Populations: human samples only; studies including samples of the general population, 
and all stages of the psychosis continuum were eligible for inclusion. This included, those 
at the non-clinical end (general population, people expressing schizotypal traits, psychotic 
symptoms), samples of people who have already expressed psychotic symptoms but 
presently remain clinically undifferentiated (ARMS, ultra-high risk, clinical high risk) 
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and those at the clinical end with first episode and established schizophrenia spectrum 
disorders.   
2.2.2 Search Strategy 
We conducted a systematic search of five electronic databases covering years 1993-July 2019.  
The databases searched were: PubMed; PsycINFO; Web of Science; MEDLINE via Ovid; and 
Scopus.  The search terms were developed by two researchers and were based on terms used in 
previous reviews of stress and psychosis.  Search keywords divided into groups included (1) stress*/ 
or HPA/ or cortisol/ or “daily hassle”/ or “life event”/ or trauma; (2) psychosis/ or psychotic/ or 
schizophren*/ or schizotyp* /or “schizotypal personality disorder’’; and (3) UHR/ or ARMS/ or risk/ 
or relapse*/ or prodrom*/ or FEP. An example of the full search strategy for the MEDLINE database 
is provided in Appendix A. 
A single researcher was responsible for title and keyword and abstract screening of each 
study.  For those meeting eligibility criteria (or where eligibility was unclear) full text were obtained. 
At the full text stage, a random selection of abstracts and full articles were crosschecked between 
E.W. and E.B. to ensure inter-rater reliability; any disagreements were resolved via discussion. Most 
studies included assessment at only one time point, although 13 (Chaumette et al. 2016; Devylder et 
al. 2013; de Vos et al. 2019; Garner et al. 2005; Hatzimanolis et al. 2017; Horan et al. 2005; Isvoranu 
et al. 2017; Kelleher et al. 2013; Kraan, van Dam, et al. 2015; Lataster et al. 2012; Spauwen et al. 
2006; Walker et al. 2013) included a baseline and at least one follow-up point.  Reference lists of 
included studies were screened for further relevant articles with seven identified.  
2.2.3 Data Extraction 
Predesigned tables were used for data extraction and subdivided into three stress categories 
for presentation (1) life events and daily hassles, (2), trauma and (3) biological correlates of stress. 
The methodological heterogeneity of design, measures, and outcomes across studies precluded a 
meta-analysis; where relevant and obtainable, methodological details are reported to highlight these 
differences. The findings are presented both in table form and as a narrative summary. 
2.2.4 Quality Assessment Tool 
Full criteria and scoring are provided in Appendix A. Included in our assessment of quality 
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was recruitment selection, the percentage of individuals approached who agreed to participate, sample 
size, the measure used to assess stress and psychosis, whether multiple types of stress were considered 
in the analysis, and acknowledgement/adjustment for confounders (demographic information and 
other covariates such as genetic risk or substance use). Depending on the item a score of 0, 1 or 2 
points could be given with a maximum possible score of 16. For inter-rater reliability, quality 
assessments were completed by two researchers.  
2.3 Results 
Original electronic and reference list searches generated 1602 references of which 94 were 
selected for final data extraction. Figure 1 describes the study selection process. A complete list of full 
text articles excluded with reasons is provided in Appendix A. 
 
 
Figure 2.1 Flow diagram of the study selection process 
2.3.1 Study Details 
All studies were hypothesis driven but most did not include power calculations or effect sizes. 
Table 2.1 provides the descriptive variables of all included studies.  
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Table 2.1                            
Descriptives of all included studies and their quality score 
Primary 
author(year) 








Stress type Stress measure Quality 
rating  
Abel et al., 
2014 
946 994 General 
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Alvarez et al. 
2011 
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United States 18.57(2.01) 
17.05(3.37) 
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Chae et al. 
2015 
98 Scz inpatients 48% South Korea 43.0(9.4) Positive and 
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 India   Disorder status DSM-III-R Life events PSLES 11 
de Vos et al., 
2019 





Childhood trauma CTQ 12 





























































ERS, APS, STAI-T 
12 




SCAN Life events, 

















FPI Life events FPI 10 











 Undifferentiated PANSS Childhood trauma  CTQ 10 





















CASH, SCAN Childhood trauma CTQ-SF 15 
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Isvoranu et 
al., 2017 
552 Patients 75% Netherlands 
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(GROUP) 
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41% United 
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Tessner et 
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Psychotic 
symptoms 








Berger, et al., 
2007 






































233 UHR 58.8% Australia Ranges    
15-30 
Psychosis status CAARMS Childhood trauma CTQ 15 

































































At-risk status CAARMS Cortisol 
awakening 
response 
Salivary cortisol 11 
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van der Steen 















ESM Momentary stress ESM 9 
van Nierop et 
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Walter et al, 
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Note. ICD8/9/10, International Statistical Classification of Diseases and related Health Problems versions 8, 9, and 10; Scz, schizophrenia spectrum; FEP, first episode psychosis; SCID-I/P, 
Patient Edition of the Structured Clinical Interview for DSM-IV for Axis I disorders; PACE, Personal Assessment and Crisis Evaluation (PACE) ultra-high-risk (UHR) criteria; PSQ, Psychosis 
Screening Questionnaire; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders version III; LEDS, Life Events and Difficulties Schedule; PSS, Perceived Stress Scale; DSM-IV, 
Diagnostic and Statistical Manual of Mental Disorders version IV; BPRS, Brief Psychiatric Rating Scale; TLEQ, Traumatic Life Events Questionnaire; CTQ, Childhood Trauma Questionnaire; 
UHR, Ultra-high risk; CAARMS, Comprehensive Assessment for At-Risk Mental State; GTQ, DSP, Derogatis Stress Profile; General Trauma Questionnaire; SANS, Scale for the Assessment 
of Negative Symptoms; SADS-C+PD, Schedule for Affective Disorders and Schizophrenia-Change Version with psychosis and disorganization items; SIPS, Structured Interview for Prodromal 
Syndromes; PANSS, Positive and Negative Syndrome Scale; DES, Dissociative Experiences Questionnaire; CTQ-SF, Childhood Trauma Questionnaire-Short Form; CASH, Comprehensive 
Assessment of Symptoms and History interview; ESM, Experience Sampling Method; CAPE, Community Assessment of Psychic Experiences; ASz, antecedents of schizophrenia; FHx, family 
history of schizophrenia; CSA, child sexual abuse; DISC, Diagnostic Interview Schedule for children; PSELS, Presumptive Stressful Life Events Scale; PQ, Prodromal Questionnaire; CHR, 
clinical-high risk; SIPS, Structured Interview for Prodromal Syndromes; SOPS, Scale of Prodromal Symptoms; CLER, Coddington’s Life Events Record; SADS, Schedule for Affective 
29 
 
Disorders and Schizophrenia;  ERS, Emotional Reactivity Scale; APS, Arousal Predisposition Scale; STAI-T, State-Trait Anxiety Inventory; SCAN, Schedules for Clinical Assessment for 
Neuropsychiatry; FPI, Florence Psychiatric Interview; LEC, Life Events Checklist; PSS, Perceived Stress Scale; LSHS, Launay Slade Hallucination Scale; PS, Paranoia Scale; SIAPA, 
Structural Interview for Assessing Perceptual Anomalies; SPQ, Schizotypal Personality Questionnaire; PAS, Perceptual Aberration Scale; HR+, healthy first degree relatives of individuals with 
a schizophrenia spectrum disorder; HV, healthy volunteers without a first degree relative with a schizophrenia spectrum disorder; MIST; PET-scanner using the Montreal Imaging Stress Task;  
PERI-LE, Psychiatric Epidemiology Research Interview for Life Events; LTE, List of Threatening Experiences; APSS, Adolescent Psychotic Symptom Screener; CIDI, Composite International 
Diagnostic Interview; MEL, Munich Interview for the Assessment of Life Events and Conditions; TADS, Trauma and Distress Scale; PFC, pre-frontal cortex; SPD, Schizotypal Personality 
Disorder; PC, Paranoia Checklist; HR, heart rate; SCL, skin conductance level; VAS, visual analogue scale; CHR+, clinical high risk with at least two first or second degree relatives with 
schizophrenia; PSE, Present State Examination; SRE, Schedule of Recent Experiences; BASC-2, Behavior Assessment System for Children- Version 2; SAPS, Scale for the Assessment of 
Positive Symptoms; OPCRIT, Operational Criteria for Psychotic Illness; CAR, cortisol awakening response; CECA, modified version of the Childhood Experience of Care and Abuse 
questionnaire; BLE, Brief Life Events questionnaire; RDC, research diagnostic criteria; SNAP, Schedule for Non-adaptive and Adaptive Personality; ETI, early trauma interview; TICS, Trier 
Inventory for the assessment of Chronic Stress; STS, Schizotypal Signs Scale; SNS, Schizophrenia Nuclear Symptom Scale; CEQ, Creative Experiences Questionnaire; PANAS, Positive and 
Negative Affect Scale; SCSS, Screening Scale for Chronic Stress; SCID-I/NP, Structured Clinical Interview for DSM-IV, Non-Patient edition; DIGS, Diagnostic Interview of Genetic Studies; 
WSS, Wisconsin Schizotypy Scales; NCS, National Comorbidity Survey, BPMS, British Psychiatric Morbidity Survey; LB, “left behind” children; PSQ, Psychosis Screening Questionnaire; 
SAN, Schedule for Assessment in Neuropsychiatry; LTE, List of Threatening Experiences; SCL–90–R, Symptom Checklist-90-Revised; SIDP-IV, Structured Interview for DSM-IV Personality 
Disorders; DSI, Daily Stress Inventory; LEIS, Life Events Interview Schedule; HS, Hassles Scale; TADS, Trauma And Distress Scale; LES, Psychiatric Epidemiology Research Interview Life 





2.3.2 Life Events and Daily Hassles (Table 2.2)  
Life events are external major life changes that provoke an emotional response (e.g. loss of a 
loved one, moving house, ending of a relationship, and injury) (Horan et al., 2005). Overall twenty-
five studies published between 1993 and 2019 met the inclusion criteria. Study cohorts included 
clinical groups (four first episode samples, nine patient samples, and eleven risk samples) and general 
population studies (e.g. Abel et al., 2014; Jenkins, Mbatia, Singleton, & White, 2010; Raune, Kuipers, 
& Bebbington, 2009; Van Nierop et al., 2012).  
In general, a positive association between adult life events and symptom presence was 
reported, with greater event stress found in patients compared to controls. Specifically, nine of ten 
studies considering those with established disorders reported a positive association between disorder 
status and life events. Patients also reported an increased number of life events in comparison to 
controls consistently. Five of six first-episode studies and five of eight at-risk samples also reported a 
significant association. There was little consideration about whether a patient’s life circumstances 
(e.g. housing instability) left them vulnerable to life events, or whether there is something inherent 
within the illness which increases the likelihood life events will occur. Six studies also assessed the 
severity of events captured. Severity of events is suggested to be significant in that intrusive, marked, 
and highly (subjectively assessed) threatening events were linked to greater symptom presence and 
closer proximity to relapse. Three studies reported an association between the occurrence of life 
events and relapse/diagnosis of psychosis. While the studies found differing results for the critical 
time-period when life events exert their effect, the critical period for relapse appears to range from 
four (Fallon, 2008) to 24 weeks following the event (Das et al., 1997), with life events preceding 
diagnosis by up to 6 months (Bebbington et al. 1993).   
In terms of the general population, all four studies reported significant links with recent 
negative life events, and in particular, those involving victimization were associated with psychotic 
experiences. Stress intolerance (measured through a semi-structured interview), rather than the 
number of events experienced, was associated with more prodromal symptoms at follow-up. 
Additionally Docherty, St-Hilaire, Aakre, and Seghers (2009) reported that while stressful life events 
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did result in an increase in psychotic symptoms, it was only for individuals who had scored highly on 
emotional reactivity or trait anxiety at baseline. For the studies involving non-clinical individuals, 
there is clear indication that psychosis risk is associated with an increased magnitude in response to 
stressful experiences. This suggests an emotional lability which is worthy of future consideration in 
response to wider environmental risk factors for schizophrenia spectrum disorders. None of the 
included studies considered the link between schizotypy and life events.  
The course of psychotic illness may be controlled less by rare major life events, instead 
contributed to by the often more frequent minor occurrences in the course of  daily life referred to as 
daily hassles (Havermans, Nicolson, & Devries, 2007). Eleven studies investigated the link between 
minor daily hassle experiences and psychosis. Again, studies included clinical groups (three patient 
samples and six risk samples), relatives (n= 4), and a single general population study (Tessner et al., 
2011). The type of daily hassles could be separated into four key areas of stress: thought, social, 
activity, and event related. Results for these studies were mixed, one study of four concerned with 
established disorders finding a significant association, one reported mixed findings and two reporting 
no significant link between schizophrenia spectrum disorder and daily hassles. Regarding those at-
risk, all three studies suggested that individuals at ultra/clinical-high risk for psychosis experience 
greater subjective levels of social stress in everyday life than both relatives and controls (Myin-
Germeys et al., 2001; Palmier-Claus et al., 2012; Y. van der Steen et al., 2017). Pruessner et al. (2011) 
reported that for more persistent stress such as work-related and social stress those at ultra-high risk 
for psychosis experience more subjective levels of stress than schizophrenia patients and healthy 
controls.  Regarding subclinical samples, there was a significant link between daily stress and the 
general population. This was also the case for the single study involving schizotypy. Interestingly, 
there appears to be no link between prior life events and subsequent subjective reports of daily hassles 
(Myin-Germeys, Krabbendam, Delespaul, & Van Os, 2003). Event and social-related stress were 
consistently found to be higher in individuals both at risk for psychosis and with an existing 
schizophrenia spectrum disorder when compared to relatives and controls. These may therefore be 
considered the more detrimental disturbances of daily life, or potentially they are noticed more 
32 
 
frequently by those on the psychosis continuum. 
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Table 2.2                                     
Studies reviewing stress through life events, psychosocial stress and daily hassles 
Author Main Stress Findings Main Psychosis Findings 
Abel et al., 2014  Postnatal exposure to bereavement stress associated with   psychosis, adjusted 
odds ratio 1.16 
 
Allott et al., 2015 FEP participants reported significantly   perceived stress than healthy controls 
 
 
Bebbington et al., 
1993 
In both the 6 months and the 3 months preceding onset of disorder, Scz reported 
significantly more life events than Hcs 
 
 
Betensky et al., 
2008 
Patients   overall stress across the dimensions compared to controls 
Patients significantly   stress on dimensions related to depression, domestic 
environment, and driven behavior than controls 
 
  DSP depression, domestic environment, and driven behavior scores were 
significantly correlated with negative symptoms but not positive symptom 




Collip et al., 2013 No difference in event stress between the groups 
 
 
Cullen et al., 2014 ASz group reported significantly daily stressors (peers and teacher related) than 
the healthy controls, and distress associated with these stressor 
Additionally, FHx status was related to experiencing negative life events and 
distress associated with those life events than healthy controls. There was no 
effect of ASx status on life events or distress 
 
In the ASz group psychotic-like experiences were positively correlated with total 
scores for both daily stressors and negative life events 




Devylder et al., 
2013 
Baseline: Patients   symptom severity across domains, including impaired 
tolerance to normal stress, and worse function, but were similar to controls in life 
event exposure 
Longitudinal: Life events were unrelated to all symptoms over time 
An association between time with  in impaired stress, but not life events. 
Baseline: No association between impaired stress tolerance and total positive 
symptoms, unusual thought content or poor function 
Total life events in the 3 months prior were not associated with any baseline 
symptoms. Neither impaired stress tolerance nor life events was related to risk for 
transition to psychosis 
Longitudinal: Impaired stress tolerance showed a significant association with   
total positive symptoms, unusual thoughts, and suspiciousness 
 
Docherty et al., 
2009 
Patients  than controls on all three measures of reactivity at baseline, as a group 
they report   -than-normal levels of emotional reactivity, arousability, and trait 
anxiety 
Total symptom ratings on PANSS were correlated with trait anxiety in patients but 
not with emotional reactivity or arousability 
Patients who experienced potentially stressful life events in the month preceding  
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 follow up showed  in core psychotic symptoms (hallucinations and delusions) 
 
Fallon, 2009 68% of patients reported at least one life event in the three months prior to relapse 
with 45% being in the 4-weeks prior to relapse 
 
There was no difference in symptom profile for those patients reporting life events 
compared to those who did not 
Faravelli et al., 
2007 






 Significantly greater scores on the PAS, and the positive, negative and paranoid 
dimensions of the SPQ in the stressed condition 
 
Hernaus et al., 
2015 
Healthy volunteers experienced more daily life stress than healthy first-degree 
relatives 
 
No group differences in momentary subclinical psychotic experiences 
 
Horan et al., 2005 The schizophrenia group reported  overall negative events. And  events in 
nearly all event categories. The schizophrenia group reported  controllability 
than non-psychiatric counterparts.  The schizophrenia group also appraised 
positive events as less desirable.  
 
 
Jenkins et al., 
2010 
 
 Participants with 2 life events were more likely to report psychotic experiences  
Johns et al., 2004  Stressful life events were associated with PSQ scores. For specific experiences, 
stressful life events were associated with paranoid thoughts. 
 
Miller et al., 2001  Lifetime experience of a major stressor was a highly significant predictor of 
symptom presence in both groups 
 
Millman et al., 
2016 
 
CHR reported more social stress than controls  
Mondelli et al., 
2010 
 
Patients approximately three time more stressful life events than healthy controls  
Moskow et al., 
2016 
 
Daily stress was elevated in CHR compared to HCs  
Myin-Germeys et 
al., 2001 
Relatives and control subjects did not differ on any of the 4 stress measures 
Patients scored significantly  on the event-related stress measure compared to 





The UHR and psychotic groups experienced significantly  social stress, and 
general levels of perceived stress (PSS) when compared to healthy controls. 
The UHR and psychotic groups experienced significantly  levels of 
hallucinations and delusions when compared to healthy controls. The psychosis 
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 group experienced significantly  hallucinations than the UHR group but no other 
significant differences were found 
In the psychosis and UHR groups a significant effect of activity-related, social, 
and activity-related stress was observed on delusional and dissociative thoughts. 
For hallucinations, activity-related and event-related stresses were significant 
predictors 
 
Pruessner, et al., 
2011 
UHR group showed significantly  ratings on the TICS compared to the FEP 
group 
FEP patients with non-affective psychosis showed  stress compared to affective 
FEP patients 
 
UHR participant’s  stress level was associated with  positive symptoms on the 
BRPS 
Stress was a significant predictor of positive symptoms explaining 17% of the 
variance 
Raune et al., 2009 All patients experience at least one life event the year before onset. Almost half 
reported an independent event in the final 12 weeks before onset. Nearly one in 
five patients reported an independent event in the final 3 weeks 
Compared to general population (Bebbington et al. 1981 cohort), the proportion of 
people with independent events of moderate/ marked threat was significantly 
higher in the psychosis group than in the comparison group (41% v 20%) 
 
 
Tessner et al., 
2011 
Significant group differences for self-reported dependent and undesirable life 
events 
No significant difference in groups regarding daily stressors. However, SPD group 
reported experiencing  distress in relation to the stressors 
Self-reported undesirable life events predicted positive symptoms at Time 2 
Self-reported daily stressors predicted a significant increment of positive 
symptoms at Time 2 
Thompson, 
Berger, et al., 2007 
 Three of the 12 participants (all male) transitioned to acute psychotic illness 
Non-transition patients reported  life events than their transitioning counterparts, 
however negative symptoms were  in the transitioned group 
 
Thompson, 
Phillips, et al., 
2007 
Plasma cortisol level was not associated with number of recent life events 
experienced, but it was associated with number of hassles experienced 
 
 
Five (21.7%) participants were known to have transitioned to an acute psychotic 
episode within two-years from recruitment 
No significant correlations were found between the experience of life events and 
any of the symptom or functional measure 
There was a significant correlation between the number of hassles experienced 
and total BPRS score  
 
Trotman et al., 
2014 
CHR reported more life events and daily stressors than HC 
CHR also reported experiencing more subjective stress related to life events than 
HCs 
Subjective stress predicted daily stress in both CHR and HCs 
 
Those who had transitioned to a schizophrenia spectrum  disorder reported more 
subjective stress in response to life events and daily stress than prodromal and 
remitted individuals 
van der Steen et 
al., 2017 
CHR reported more activity-related and social stress than HCs 
CHR also reported more social stress than both patients and HCs 
 
Association between stress and momentary symptoms were positive in both CHR 
and patients, the relationship was stronger in CHR for activity-related stress 
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Van Nierop et al., 
2012 
Individuals self-reporting psychotic experiences were more likely to report 
experiencing recent negative life events 
 
 
van Os et al., 1994 51% (30) of patients had experienced severe life events prior to onset of 
symptoms (EV+) 
 
Lifetime morbid risk estimate of schizophrenia was  in the first-degree relative 
of EV+ probands than EV- probands 
EV+ subjects had milder symptom severity over the follow-up period than the 
EV- patients 
The mean time of the follow-up period spent in complete remission was 28% for 
the EV+ group and 0% for the EV- group 
 
Abbreviations: ESM, Experience Sampling Method; DSP, Derogatis Stress Profile; FEP, first episode psychosis; UHR, ultra-high risk; CHR, clinical high risk; PANSS, Positive and Negative Symptom Scale; PSS, 





2.3.3 Trauma (Table 2.3) 
Trauma is an adverse event that threatens emotional, psychological, sexual and/or physical 
integrity of the individual (Kraan, Velthorst, et al., 2015), it can be viewed as an extreme stressor 
which can have extended psychological and psychophysiological effects upon an individual. Overall 
43 studies published between 1993 and 2019 met the inclusion criteria. Thirty-eight studies focused 
primarily on childhood trauma, however seven were interested in a broader age range and did not 
restrict trauma to childhood. The results show that childhood trauma rates are substantially higher in 
patient samples than the general population (ranging from to 48-85%) (Larsson et al., 2013; Lentz, 
Robinson, & Bolton, 2010). In general, included studies found a significant association between the 
experience of trauma and psychosis. Specifically, trauma was associated with presence of 
schizophrenia spectrum disorder in nine of the eleven patient samples. Of these emotional and sexual 
abuse were the most significantly correlated (Bechdolf et al., 2010; Powers, Thomas, Ressler, & 
Bradley, 2011). Interestingly however, when looking at specific psychosis symptomology, bullying, 
physical abuse and sexual abuse were the most consistently reported (Alvarez et al., 2011; Gracie et 
al., 2007; Kelleher, Keeley, et al., 2013; Murphy, Houston, Shevlin, & Adamson, 2013; Sahin et al., 
2013).  As most studies of symptoms concerned individuals in the general population or at-risk 
samples, perhaps more chronic traumas such bullying matter more prior to disorder onset (however 
this is speculation at this point). Studies of those with first episode psychosis, at-risk samples and 
general population studies consistently reported positive associations with trauma, as did the four 
studies concerning schizotypy. Alvarez et al. 2011 reported that the experience of childhood physical 
trauma was associated with earlier diagnosis. Additionally, five studies revealed a cumulative effect 
of trauma (Gracie et al., 2007; Lataster et al., 2012; Shevlin, Houston, Dorahy, & Adamson, 2008; 
Spauwen et al., 2006) and three studies demonstrated a link between the severity of the trauma 
experienced and presence of symptoms (Kelleher, Keeley, et al., 2013; Sahin et al., 2013); suggesting 
that the link between trauma and psychosis may be dose dependent.  
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Table 2.3                                        
Studies of trauma 
Author Main Stress Findings Main Psychosis Findings 
SCHIZOPHRENIA SPECTRUM  DISORDER/PSYCHOTIC EPISODE 
Alvarez et al. 2011 Almost half of patients (46.1%) reported experiencing childhood trauma  Patients who reported childhood trauma were diagnosed 4.1 years earlier than 
those who did not, however this was only significant for physical abuse 
Alvarez et al., 
2014 
Patients scored than healthy controls on physical neglect, physical abuse, and 
sexual abuse 
When polytraumatisation was considered cases were 4 times more likely than 
controls to be diagnosed with schizophrenia 
Patients had dissociative scores following emotional, sexual, or physical abuse. 
There was a dose-response pattern for polytraumatisation 
Barrigon et al., 
2015 
 After controlling for cannabis use and neuroticism, the odds of developing 
psychosis were 7.3 times higher for those who experienced a childhood trauma 
Bechdolf et al., 
2010 
Sixty-four (69.6%) of UHR patients had previously experienced at least one 
trauma 
20 patients converted to FEP during the study. Sexual abuse trauma  likelihood 
of conversion 3:1. No significant relationship between any of the trauma variables 
and conversion was found for total cohort 
Cutajar et al., 2010  Child sexual abuse was associated with greater odds of developing schizophrenia 
spectrum compare to controls. 
Evans et al., 2015 Individuals in the FEP group had experienced childhood trauma than the HCs Dissociation appeared to mediate the relationship between childhood trauma and 
group membership. 
Frissen et al., 2015 Scz patients had significantly  trauma scores than HCs  
Isvoranu et al., 
2017 
 No direct association between CTQ and positive or negative symptom scores on 
the PANSS 
Kraan et al., 2015  No association between childhood trauma and transition to psychosis 
Higher levels of emotional abuse were associated with greater attenuated 
symptoms at follow-up 
Larsson et al., 
2013 
165 (85%) of schizophrenia spectrum disorder participants had experienced at 
least one subgroup of childhood trauma 
Physical neglect and physical abuse were the most common subtypes of trauma 
experienced by the schizophrenia spectrum group 
It was more common to report all 5 subtypes of trauma in the schizophrenia 
spectrum group than the affective group 
 
Lentz et al., 2010 48% of the total sample had experienced an adverse childhood event The association between any childhood adversity and SPD was highly significant 
with an Adjusted Odds Ratio of 4.15 
Powers et al., 2011 More than 74% of the overall sample had experienced at least two traumas in 
their lifetime with almost 90% of participants having reported a trauma that met 
criterion A for PTSD 
 
Childhood physical and emotional abuse significantly correlated with SPD using 
CTQ and ETI.  Childhood sexual abuse significantly correlated with SPD using 
the CTQ. Lifetime PTSD symptom severity also correlated with SPD 
Emotional abuse predicted SPD on both trauma measures. More specifically 
emotional abuse predicted 5 out of the 8 SPD symptoms when looking at both 
measures of abuse (ideas of reference, excessive social anxiety, a lack of close 
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friends or confidants, eccentric behavior or appearance, and unusual perceptual 
experiences) 
PTSD was also a significant predictor of SPD and in specific 4 of the 8 symptoms 
of SPD (lack of close friends or confidantes, eccentric behavior or appearance, 
excessive social anxiety, and unusual perceptual experiences) 
Thompson et al., 
2014 
 55 of the 233 had transitioned to a schizophrenia spectrum disorder 
Sexual abuse was associated to transition to a frank psychotic disorder 
Hazard ratios indicated that a maximum score on the CTQ quadrupled the 
likelihood of transition compared to a minimum score 
PSYCHOTIC SYMPTOMS 
Appiah-Kusi et al., 
2017 
 Childhood trauma (emotional neglect) was significantly associated with UHR 
status  
Chae et al. 2015  Childhood trauma score was positively associated with PANSS total scores. 
Sexual abuse was associated with  positive symptom scores 
All types of childhood trauma were positively associated with dissociation 
scores 
Collip et al., 2011 No significant difference in reported childhood abuse between groups  
de Vos et al., 2019 Over 82% of UHR had experienced childhood trauma No significant association between childhood trauma and attenuated psychotic 
symptoms or distress  
At 12-month follow-up there was a significant association between childhood 
trauma and general psychopathology and negative symptom severity.  
Childhood trauma did not predict transition 
Gracie et al., 2007 88.6% of participants (n=202) had experienced at least one traumatic event 
33 participants met the criteria for PTSD 
All three interpersonal trauma groupings showed significantly  levels of 
paranoia 
Sexual assault  levels of perceptual abnormalities 
Number of traumatic events was associated with paranoia at a trend level and 
significantly associated with perceptual abnormalities 
Number of traumatic events significantly contributed to the prediction of a 
predisposition to hallucinations 
Gibson et al., 2014 Individuals more sensitive to stress reported  traumatic life events Individuals more sensitive to stress reported  attenuated positive symptoms  
Johns et al., 2004  Victimization events were associated with PSQ scores. For specific experiences, 
victimization events were associated with paranoid thoughts and hallucinatory 
experiences  
Kelleher et al., 
2013 
At baseline 10% of the sample reported physical assault, 8% between baseline 
and 3 months, and 8% between 3 and 12 months. 
Overall 39% reported being bullied at baseline, 30% at the 3 months, and 33% at 
the 12 months follow up 
Psychotic experiences reported at baseline predicted physical assault at 3 and 12 
months even after controlling for baseline reports of physical assault. Similarly 
baseline reports of psychotic experiences predicted bullying at 3 months with a 
non-significant trend at 12 months 
Seven percent of the sample reported psychotic experiences at baseline, 5.5% at 
3months and 4.5% at 6 months. Physical abuse and bullying reported at baseline 
predicted psychotic experiences at 3 and 12 months. The odds of reporting 
psychotic experiences  in a dose response fashion with increasing severity in 
bullying 
Individuals who experienced cessation of trauma between baseline and 3 months 
had a lower risk of psychotic experiences compared to those who continued to 
experience assault. This trend was repeated with cessation of trauma between 3 




Lataster et al., 
2012 
Individuals who had experienced early adversity reported experiencing a greater 
number of recent adversities 
Recent adversity was associated with increased risk of psychotic symptoms and 
impairment. There was also a significant additive interaction at >10 recent 
adversities 
Loewy et al. 2019 Over 60% of CHR reported experiencing childhood trauma with 58% of these 
occurring prior to CHR status 
Trauma history was associated with  severity of perceptual aberrations 
The number of interpersonal events was associated with  suspiciousness and 
perceptual aberrations 
Mondelli et al., 
2010 
Patients reported approximately two-fold more perceived stress levels and twice 
as many childhood trauma experiences 
 
Mohammadzadeh 
et al., 2019 
Thirty-nine percent of patients reported significant levels of childhood trauma Patients reporting high levels of childhood trauma reported  positive and 
negative symptoms 
Murphy et al., 
2013 
6-8% of the overall sample experienced some form of sexual trauma at or before 
the age of 16 years 
Childhood sexual trauma independently contributed to psychosis symptom 
experience 
O’ Connor et al., 
2017 
 Childhood trauma associated with increased odds of experiencing hallucinations 
Childhood bullying associated with more then 5-fold increased odds of 
experiencing hallucinations 
Quidé et al. 2018 There was a significant difference in the experience of trauma with 47% of 
patients compared to 19% of controls reporting significant levels of childhood 
trauma.  
The most common types of childhood trauma reported in patients were emotional 
abuse (56%), sexual abuse (57%), and physical abuse (43%). 
Trauma was associated with higher PANSS in patients 
Regarding schizotypy, significant greater scores on all three trait dimensions were 
reported by patients compared to controls.  
As a cohort, trauma-exposure was associated with greater endorsement of all 
three schizotypal dimensions compared to non-exposed individuals regardless of 
patient status 
Rössler et al.,  
2016 
Individuals with high anomalous perceptual experiences and/or high odd 
beliefs/behaviours had greater stress sensitivity and childhood trauma than 
unaffected individuals 
Stress sensitivity was a significant mediator between childhood trauma and 
subclinical positive psychotic experiences 
Sahin et al., 2013 Emotional, physical, and sexual abuse; emotional and physical neglect; and total 
CTQ scores were significantly  in the FES group compared to controls. 
Emotional and physical abuse; emotional neglect; and total CTQ scores were 
significantly  in the UHR group compared to controls. The two clinical groups = 
on total CTQ score or subscales 
UHR group - those with total CTQ scores displayed more Schneiderian 
symptoms and  total scores of Schneiderian symptoms 
The severity of sexual abuse was correlated with SAPS scores for voices 
commenting. 
FEP group - patients with scores of abuse and neglect also have  total 
SAPS scores, some SAPS items and Schneiderian symptoms. The severity of 
emotional abuse was correlated with SAPS scores for delusion of reference. The 
severity of physical neglect was correlated with SAPS scores for auditory 
hallucination, voice commenting, and delusion of reference. Total SPAS scores 
were also correlated with the severity of sexual abuse, emotional neglect, and 
weighted total scores of CTQ 
There was no difference between those with higher and lower levels of CT in 
terms of severity of negative symptoms in both UHR and FES groups 
Samplin et al., 
2013 
There was a significant relationship between overall CTQ score and HV’s 
Comparing positive and negative maltreatment groups revealed no significant 
main effect of physical abuse or emotional neglect on total HV’s 
A history of emotional abuse was significantly associated with total hippocampal 
volume in males but not in females. When assessed separately, the interaction 
was only significant for the left hippocampus 
History of emotional abuse was associated with overall levels of subclinical 
positive and negative symptoms 
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Schenkel et al., 
2005 
 Childhood abuse was associated with increased symptom scores 
Abuse frequency and severity were associated with greater severity of 
hallucinations/delusions scores 
Schmidt et al., 
2017 
 Presence of attenuated psychotic symptoms was associated with physical abuse 
Schürhoff et al., 
2009 
 There was a significant positive correlation between the CTQ score and the total 
SPQ score. Significant correlation between positive dimension and childhood 
trauma 
Sheinbaum et al., 
2014 
 Physical/emotional trauma was significantly associated with psychotic like 
experiences 
Presence of any persecutory idea was associated with emotional abuse 
Shevlin et al., 2008 NCS – 13.8% of the sample had experienced at least one trauma, 3.4% two 
traumas, 1.2% three traumas, 0.3% four traumas and 0.3% five or more traumas 
BPMS – 30.2% of the sample had experienced at least one trauma, 9.4% two 
traumas, 2.6% three traumas, 0.9% four traumas and 0.1% five or more traumas 
Experiencing more than 1 trauma was significantly associated with psychosis. 
NCS – the overall weighted prevalence of psychosis diagnosis was 0.8% The 
variables representing molestation and childhood physical abuse were statistically 
significant. The odds ratios increased with the number of traumas 
BPMS – the overall weighted prevalence of psychosis diagnosis was .05%. The 
variables representing sexual abuse, serious illness, injury or assault, and violence 
at home were statistically significant. The odds ratios generally increased with the 
number of traumas however the odds for 3 traumas were higher than for 4 
traumas 
Spauwen et al., 
2006 
At baseline 19.5% of participants reported experiencing at least one trauma At follow up 17.5% of the sample reported at least one psychotic symptom, 7.3% 
reported two or more and 3.4% reported three or more. Baseline self-reported 
trauma was associated with follow-up psychotic symptoms. When looking at the 
model of the narrow group (at least two or at least three psychotic symptoms) the 
strength of the association was increased 
The association between trauma and psychosis increased in a dose-response 
fashion with the number of traumatic events. 
Sun et al. 2017  Significantly higher number of psychotic like experiences in the “left behind” 
cohort 
The number of traumatic events was the most important risk factor for predicting 
psychotic like experiences 
Tikka et al., 2013 All patients and 60% of control subjects reported at least one traumatic 
experience. The CHR group differed significantly from controls in their history of 
traumatic experiences and premorbid adjustment 
 
Van Nierop et al., 
2012 
Individuals self-reporting psychotic experiences were more likely to report 




Wigman et al., 
2012 
After controlling for parental psychopathology trauma was significantly 
associated with sub-threshold child psychosis and more trauma was reported by 
children whose parents reports parental psychopathology 
Trauma at baseline significantly predicted CAPE score at final follow up 
Trauma also significantly predicted developmental course: it predicted belonging 
to the Decreasing, Increasing and Persistent class 
General parental psychopathology predicted the highest quintile of CAPE score at 
T3 only. 
Zhuo-hui et al., 
2019 
Childhood trauma was  in both the FEP and CHR/UHR groups compared to 
controls 
CHR/UHR group reported  life events than controls. No difference for FEP 
Childhood trauma and life events were  correlated with SIPS in the CHR/UHR 
group 
Childhood trauma and life events were  correlated with PANSS in the FEP 
group 
Abbreviations: UHR, Ultra High Risk; FEP, First Episode Psychosis; CTQ, Childhood Trauma Questionnaire; PANSS, Positive and Negative Syndrome Scale; SPD, Schizotypal Personality Disorder; ETI, Early 
Trauma Interview; CHR, Clinical High Risk, NC, Normal Control; CAPE, Community Assessment of Psychic Experiences 
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2.3.4 Physiological Abnormalities (Table 2.4) 
2.3.4.1 Structural imaging studies 
Reductions in the volume of some brain areas  have been observed in schizophrenia spectrum 
patients, first episode patients, at risk individuals and relatives of patients (DeLisi et al., 2005; Shah et 
al., 2015; Steen, Mull, McClure, Hamer, & Lieberman, 2006). However, results are mixed (Adriano et 
al., 2012; Paolo Fusar-Poli et al., 2007). The current review includes studies investigating the 
association between hippocampal (n=3) and pituitary (n=1) volume and stress in particular. In patients 
and siblings, reduced hippocampal volume has been related to greater stress reactivity following 
events. It can be viewed as an extreme stressor which can have extended psychological and 
psychophysiological effects upon an individual. However, while there was a correlation between 
hassles and cortisol levels, there was no correlation between these and volumetric measures in the 
hippocampus for UHR patients. This may be a result of the inherent issues UHR studies have in 
relation to power (e.g. Button et al. 2013), and that UHR are a clinically undifferentiated group best 
characterized by heightened levels of distress. It should be noted there is a much larger breadth of 
research concerning structural differences and psychosis than is contained here. However, these fall 
outside of the scope of the current review as they do not specifically measure structural differences in 
relation to stress. 
2.3.4.2 Neuroendocrine and neurotransmitter studies 
 In addition to differences in brain structure, individuals with schizophrenia spectrum disorder 
exhibit functional abnormalities for certain metabolites and neurotransmitters (Carlsson et al., 2001). 
The current review includes one paper concerning metabolites, four concerning neurotransmitters, and 
23 studies focused on cortisol.  
Using the 2-Deoxy-glucose protocol (2DG), Marcelis et al. were able to assess homovanillic 
acid (HVA) and plasma cortisol levels in schizophrenia spectrum patients and first-degree relatives. 
2DG causes intracellular hypoglycemia during the first stages of glycolysis. This has been found to 
strongly affect dopamine metabolism and results in large plasma elevations in cortisol levels. A 
general response to stress is that both dopamine metabolism and HVA levels are increased (Puglisi-
Allegra, Imperato, Angelucci, & Cabib, 1991). The dopamine hypothesis suggests that individuals 
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with schizophrenia spectrum disorders experience maladaptive dopamine regulation and would thus 
be expected to have excessive subcortical dopamine release compared to psychiatrically healthy 
controls. This proposition is supported by most studies included in the current review: patients 
demonstrate a significantly stronger increase in plasma HVA compared to controls and a similar 
(though blunted) response was also found in relatives of patients. 
Dehydroepiandrosterone (DHEA) and its sulphate form are neuro-active steroids which 
possess antiglucocorticoid properties. The presence of imbalance in cortisol to DHEA(S) ratios has 
been highlighted in stress-related psychiatric disorder pathophysiology (Garner et al., 2011). While no 
differences were observed at baseline, consistent with previous research in FEP patients, decreases in 
cortisol were seen over time along with decreases in cortisol/DHEAS ratios. This is suggested to 
reflect a dysfunctional hormonal response to stress in first episode patients.  
Regarding cortisol, studies included acute stress response, free-floating cortisol, and  diurnal 
cortisol levels. In general, at risk groups, siblings and transitioned individuals had greater mean 
cortisol levels than controls, greater baseline cortisol was also reported in the single study looking at 
schizotypy in a community sample. The story was less consistent for diurnal cortisol. When 
considering cortisol awakening response; four of the seven studies reported a blunted response in FEP 
and/or UHR samples with the other three reporting no difference compared to healthy controls. 
Additionally, three studies also investigated the increase in cortisol awakening response with two 
reporting no differences compared to healthy controls and one reporting greater reactivity in their 
UHR sample but not FEP (Nordholm et al., 2018). Finally, with regard to acute cortisol response, four 
studies were included. The first by Girshkin et al. (2016) used the experience of an MRI as their acute 
stressor and reported blunted response in patients. The second by Thompson et al., (2007) assessed 
HPA-axis alteration in ultra-high-risk patients. This study employed the DEX/CRH test (see 
Thompson et al., 2007 for explanation) and demonstrated that contrary to previous studies, there was 
greater glucocorticoid feedback in individuals who did not transition to psychosis during the study 
period than those who did. The third by Walter et al. (2018) demonstrated that adults with high 
schizotypal traits experienced blunted cortisol response to an acute psychosocial stressor. The last by 
Schifani et al. (2018) using the Montreal Imaging Stress Task found no differences in cortisol 
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response in either their patient or at-risk samples. The mixed results throw shadow on previous 
assertions that individuals with schizophrenia spectrum disorder have abnormal glucocorticoid 





Studies reviewing biological correlates of stress grouped by category 
 
Author Main Stress Findings Main Psychosis Findings 
HIPPOCAMPAL/PITUITARY VOLUME 
Collip et al., 2013 Controls with larger HV experienced  stress reactivity to controls with smaller 
HV, siblings with smaller HV had  stress reactivity than those with large HV; 
patients with smaller left HV had  stress reactivity 
Significant association between group and HV. Patients and siblings both had 
smaller HV than controls.  
CORTISOL FOCUSSED 
Carol et al., 2015 UHR had significantly  resting cortisol There was a weak trend (p = .10) suggesting elevated resting cortisol was 
associated with  positive symptoms 
 
Carol et al., 2016 No group differences in morning cortisol No associations with morning cortisol and symptoms  
 
Chaumette et al.,  
2016 
There were no significant differences in basal cortisol levels between the 
groups.  
Initial salivary cortisol levels were positively correlated with positive scores on 
the PANSS  at 12-month follow-up 
 
Ciufolini et al., 2019 FEP showed significantly  total cortisol in the 60 minutes following 
awakening (CARg) compared to healthy controls 
Those with a history of severe childhood trauma had significantly  CARg 
compared to patients without severe childhood trauma. This was the opposite 
relationship to that seen in controls 
There was no significant difference between FEP and controls regarding cortisol 
levels during the day or with respect to the increase in cortisol awakening 
response (CARi) 
 
Those with FEP reported  experiences of both non-severe and severe 
childhood trauma compared to controls (p=<.001) 
 
 
Collip et al., 2011 Siblings significantly  cortisol levels over ESM sampling moments than 
controls. 
Siblings  in cortisol following unpleasant events but not controls 
No main effect of psychotic experiences on momentary cortisol, however group 
moderated the effect of psychotic experiences on cortisol. 
 levels of momentary psychotic experiences were associated with  cortisol 
levels in siblings but not controls 
 
Collip et al., 2013 Siblings had significantly  cortisol levels than controls 
 
 
Cullen, Zunszain, et 
al., 2014 
Children with FHx showed a blunted increase in awakening cortisol compared 
to healthy controls. Children with ASz did not differ on awakening cortisol 
increase. 




Day et al., 2013 UHR patients had a blunted cortisol awakening response compared to HCs 
 
UHR patients scored  prodromal psychotic symptoms than HCs 
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Garner et al., 2011 FEP patients scored significantly  on the PSS compared to controls.  
Correlations of male participants revealed significant correlations between 
scores on the PSS, plasma DHEA-S, and cortisol/DHEA-S ratios in controls 
only. 
 levels of perceived stress significantly correlated with negative symptoms but 
not positive symptoms. 
 
Baseline: Serum cortisol was positively associated with psychotic symptoms. 
Plasma DHEA-S was negatively correlated with, negative symptoms at a trend 
level.  
Cortisol/DHEA-S ratio was positively correlated with negative symptoms, and 
psychotic symptoms. 
Longitudinal: In FEP patients a decrease in cortisol levels over time was 
significantly correlated with improvement in overall psychotic symptoms, and 
negative symptoms. 
Change in DHEA-S overtime was not significantly correlated to change in any 
of the symptom dimensions. 
A decrease in cortisol/DHEA-S ratio over time was significantly correlated with 
the improvement in negative symptoms at a trend level. 
 
Girshkin et al., 2016 No significant differences in waking cortisol, cortisol awakening response or 
post-cortisol awakening response between Scz and healthy controls 
A blunted cortisol response to the MRI stressor was observed in Scz compared 
to healthy controls 
 
 
Karanikas et al., 2017 There were no significant differences in cortisol between the groups 
 
 
Lincoln et al., 2015 Scz reported high self-reported stress following the noise and social stress 
condition compared to HCs. They also experienced more self-reported stress in 
general compared to first degree relatives 
Scz had overall  cortisol release compared to the attenuated symptoms group 
only. No other group differences were found. 
Experimental stress resulted in greater state paranoia symptoms in Scz 
compared to first degree relatives and HCs. 
 
Mizrahi et al., 2012 Scz group showed the largest salivary cortisol response to stress vs HV and the 
CHR response was intermediate between Scz and HV 
Clinical samples showed  psychotic-like experiences following the stress task 
as opposed to the control task with CHR group showing SPS subscale 
scores and  PANSS positive symptom subscale scores in psychotic individuals. 
 
Mondelli et al., 2010 FEP showed significantly lower CAR than HCs 
 
 
Moskow et al., 2016 Higher cortisol levels were present in HR compared to HC group 
 
 
Nordholm et al. 2018 UHR patients showed significantly  cortisol reactivity (increase from 
awakening to 15 mins post awakening) compared to healthy controls. No 
difference in FEP. 
No significant differences for CAR, diurnal cortisol or cortisol recovery 
Perceived stress was  in UHR and FES compared to healthy controls, but no 
difference between the two groups. 
FEP reported  recent life events compared to healthy controls. No difference in 
UHR   
 
 
Pruessner et al., 2017 Perceived stress was higher in UHR compared to HCs  
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No difference in cortisol level or hippocampal volume 
   
Schifani et al., 2018 No difference in cortisol in response to the acute stressor 
There was a direct relationship between dopamine release and cortisol response 
in the stress condition for CHR and controls but not patients 
Patients and CHR reported  chronic stress and  impact of stressful life events 
In CHR the number of life events was  associated with stress induced cortisol 
release 
Patients had  pre-frontal cortex dopamine release in the control condition 
compared to CHR but not healthy controls 
 
 
Sugranyes et al., 2012 Compared to healthy controls, the total sample of CHR patients showed a trend 
for  basal salivary cortisol secretion. The medication free subgroup of CHR 
patients demonstrated significantly  cortisol secretion than both the medicated 
CHR subgroup and the healthy controls. 
In the 23 CHR patients whom had symptoms and cortisol measured within the 
same 30 days, there was a trend between salivary cortisol secretion and 
impaired stress tolerance. 
 
CHR patients had significantly  symptom severity than the healthy controls in 
all SIPS/SOPS domains. 
23 CHR patients had symptoms and cortisol measured within the same 30 days, 
salivary cortisol secretion was not significantly associated with any symptoms. 
 
Thompson, Berger, et 
al., 2007 
From the DEX/CRH test (designed to assess alteration of the HPA axis), mean 
cortisol levels were equivalent between the groups at baseline and during the 
early stages of the test.  mean cortisol levels were demonstrated among 




et al., 2007 
Plasma cortisol level was not associated with number of recent life events 
experienced, but it was associated with number of hassles experienced. 
Plasma cortisol level was associated with number of glucocorticoid receptors. 
Neither hippocampal nor pituitary volumes were significantly correlated with 
either plasma cortisol level or glucocorticoid receptor numbers. 
UHR subjects who developed psychosis showed significantly lower plasma 
cortisol levels at baseline than the UHR subgroup that did not develop 
psychosis.  
There was a weak correlation between cortisol level and global level of 
psychopathology (according to the BPRS) as well as between cortisol level and 
psychotic symptomatology (BPRS-psychosis subscale). 
 
Valli et al., 2016 UHR had a lower cortisol awakening response compared to controls 
Blunted cortisol response was associated with smaller grey matter volume 
 
 
Walker et al., 2010 The conversion subgroup demonstrated  in mean cortisol levels over time.  
Individual cortisol values showed no group difference at baseline or 1-year 
follow-up, but a significant group difference at 7-10-month follow-up with 
mean cortisol for the converter subgroup. Elevations in cortisol preceded the 
first psychotic episode for these participants. 
 
The conversion subgroup displayed a  level of baseline negative symptoms 
(SIPS). 
Walker et al., 2013 A significant main effect of diagnostic group was found with  mean cortisol 
levels in the CHR group. 
At baseline: Positive correlations with cortisol levels were found for positive, 
negative, general, and disorganized symptom severity at initial assessment. 
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At initial assessment, a modest positive correlation was found between cortisol 
level and impaired stress tolerance. 
 
At follow-up:  CHR subjects in the psychotic group had significantly  baseline 
cortisol than those in the control and remission groups. 
NOTE: at the time of this article publication follow-up assessment of CHR 
group was ongoing. 
 
Walter et al, 2018 Adults with high schizotypal traits showed  baseline cortisol levels but a 
blunted cortisol response to the acute stressor 
 
 
White et al., 2014 There were no differences in plasma cortisol levels between schizophrenia and 
control participants. 
Schizophrenia individuals with deficit syndrome had significantly lower cortisol 
levels than those without 
METABOLITES 
Marcelis et al., 2004 Plasma HVA – there was a significant effect of condition on HVA. There was  
in HVA over time in the 2DG condition which was strongest in the patient 
group.  
Plasma cortisol – There was a significant  in plasma cortisol in the 2DG 
condition as compared to the placebo. The patients had an attenuated cortisol 
response compared to controls  
 
 
NEUROTRANSMITTERS AND THEIR AGONISTS 
Hernaus et al., 2015  No group differences in momentary subclinical psychotic experiences 
For the total sample, attenuated stress-induced dopaminergic activity (in the left 
vmPFC) increased psychotic reactivity to daily life stress. 
 
Lataster et al., 2014 Mean levels of vmPFC baseline BPND, task induced stress, psychotic 
experiences, and spatial extent of [18F]fallypride ligand displacement in vmPFC 
were similar across groups.  
There were differential associations between the experience of stress and task-
induced dopamine activity in the right and left vmPFC in controls vs relatives. 
In relatives,  levels of subjective stress were associated with decreased spatial 
extent of [18F]fallypride ligand displacement in bilateral vmPFC suggesting 
decreased dopaminergic activity in these areas. This pattern was conversely 
observed in controls. 
Post hoc analyses revealed that for relatives, there was a positive association 
between subjective stress and [18F]fallypride ligand displacement in left and 
right vmPFC until a turning point is reached, beyond which subjective stress is 
negatively associated with [18F]fallypride ligand displacement. 
 
Associations between task-induced psychotic experiences and task-induced 
dopamine activity in controls vs relatives was non-significant. 
The main effect of task induced psychotic experiences and [18F]fallypride ligand 
displacement was negative and significant. 
Intensity of subjective psychotic experiences was associated with decreased 
dopaminergic activity in relatives while for controls associations between task 
induced psychotic experiences and [18F]fallypride ligand displacement were 
positive and non-significant. 
The main effect of task induced subjective stress on subjectively rated psychotic 
experiences was significant with higher levels of stress associated with  
intensity of psychotic experiences in relative and to a much lesser and non-
significant extent in controls. 
Mizrahi et al., 2012 With CHR and Scz groups experiencing greater dopamine release in response to 
the stress task than HV in both the sensorimotor and associative striatum. 
For the whole striatum, there was also decreased binding potential non-
displacement in CHR and Scz but not HV. 
 
Clinical samples showed  psychotic-like experiences following the stress task 
as opposed to the control task with CHR group showing  SPS subscale scores 
and  PANSS positive symptom subscale scores in psychotic individuals. 
50 
 
Tseng et al., 2017 Scz group showed greater stress induced dopamine release in the substantia 
nigra than HV, and a trend difference was observed between CHR and HV. 
Stress induced dopamine release was negatively associated with SOPS negative 
symptoms scores in CHR 
 
CARDIOVASCULAR AUTONOMIC FUNCTIONING 
Abhishekh et al., 2014 Siblings and offspring had significantly slower HRV recovery to the stressor 
than matched controls. 
 
 
Abbreviations: HV, Hippocampal volume; FEP, First episode psychosis; PSS, Perceived Stress Scale; DHEA-S, Dehydroepiandrosterone-sulphate; HVA, homovanillic acid; 2DG, 2-deoxy-D-glucose; AST, associative 
striatum; SMST sensorimotor striatum; SPS, Scale of Prodromal Symptoms; PANNS, Positive and Negative Syndrome Scale; CTQ, Childhood Trauma Questionnaire; CHR, Clinical high risk for psychosis;  UHR, 
ultra-high risk for psychosis; SIPS, Structured Interview for Prodromal Syndrome; SOPS, Scale of Prodromal Symptoms; DEX/CRX test, dexamethasone/corticotrophin releasing hormone test; BPRS, Brief Psychiatric 





2.3.5 Quality Ratings (Table 2.5) 
 In addition to providing the current quality ratings with the descriptive table, we have also 
presented the studies in descending order of quality rating. As can be noted from Table 5, of the 
highest quality studies (rated 15 + 16/16), all but one was concerned with trauma, although overall 
trauma studies had a wide range of quality scores from 9-16. Physiologically focused studies all had 
quality scores ranging from 10-14. Regarding stressors occurring in the course of life, life events had 
the widest range of quality scores from the minimum possible rating (8) to the maximum (16), with 
studies investigating daily stressors ranging from 9-14, and perceived/psychosocial stress studies 
ranging from 10-14. Studies scoring in the lower ranges of quality most commonly lost points due to 
sample size (e.g. having less than 50 participants in each sample group; as small sample sizes increase 
the likelihood selection bias affects results), or for the use of self-report measures of stress (which are 
effected by a number of conscious and unconscious biases). Taken together the wide ranges of quality 
score suggests that there is a lack of consistent high-quality research concerning stress and its link 




Quality ratings of the included studies and their stress outcomes 
  Stress type/ response 
Quality 
Score /16 




16 Abel et al., 2014         
16 Cutajar et al., 2010         
16 Spauwen et al., 2006         
15 Frissen et al., 2015         
15 Kraan et al., 2015    /     
15 Loewy et al. 2019         
15 Powers et al., 2011 
 
        
15 Quidé et al. 2018         
15 Thompson et al., 2014         
15 Wigman et al., 2012         
14 Bechdolf et al., 2010          
14 Collip et al., 2011         
14 Collip et al., 2013         
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14 Girshkin et al., 2016 /        
14 Isvoranu et al., 2017         
14 Lataster et al., 2012         
14 Mondelli et al., 2010         
14 Moskow et al., 2016         
14 Murphy et al., 2013         
14 O’ Connor et al., 2017         
14 Pruessner et al., 2017         
14 Schmidt et al., 2017         
14 Sun et al., 2017         
14 Walker et al., 2013         
14 White et al., 2014         
13 Barrigon et al., 2015         
13 Chaumette et al., 2016 /        
13 Ciufolini et al., 2019 /        
13 Jenkins et al., 2010         
13 Karanikas et al., 2017         
13 Larsson et al., 2013         
13 Lincoln et al., 2015         
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13 Miller et al., 2001         
13 Samplin et al., 2013         
13 Tessner et al., 2011         
13 Trotman et al., 2014         
13 van Os et al., 1994         
13 Walker et al., 2010         
13 Zhuo-hui et al., 2019         
12 Alvarez et al. 2011         
12 Bebbington et al., 1993         
12 de Vos et al., 2019    /     
12 Devylder et al., 2013     /    
12 Docherty et al., 2009         
12 Fallon, 2009         
12 Gracie et al., 2007         
12 Hatzimanolis et al., 2017          
12 Horan et al., 2005         
12 Lataster et al., 2014         
12 Myin-Germeys et al., 
2001 
     /   
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12 Pruessner, et al., 2011         
12 Raune et al., 2009         
12 Schenkel et al., 2005         
12 Thompson, Berger, et al., 
2007 
        
12 Thompson, Phillips, et 
al., 2007 
/        
12 Tikka et al., 2013         
12 Tseng et al., 2017         
11 Abhishekh et al., 2014         
11 Allott et al., 2015         
11 Alvarez et al., 2014         
11 Appiah-Kusi et al., 2017         
11 Carol et al., 2015         
11 Carol et al., 2016         
11 Das et al., 1997         
11 Day et al., 2013         
11 Garner et al., 2011         
11 Johns et al., 2004         
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11 Kelleher et al., 2013         
11 Lentz et al., 2010         
11 Palmier-Claus et al., 
2012 
        
11 Rössler et al.,  2016         
11 Sahin et al., 2013         
11 Schifani et al., 2018         
11 Schürhoff et al., 2009         
11 Valli et al., 2016         
11 van Nierop et al., 2012         
10 Cullen et al., 2014         
10 Cullen, Zunszain, et al., 
2014 
/        
10 Evans et al., 2015         
10 Faravelli et al., 2007         
10 Gibson et al., 2014         
10 Hernaus et al., 2015         
10 Marcelis et al., 2004         
10 Millman et al., 2016          
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10 Mizrahi et al., 2012         
10 Nordholm et al. 2019 /    /    
10 Sheinbaum et al., 2014         
10 Shevlin et al., 2008         
10 Sugranyes et al. 2012         
10 Walter et al. 2018         
9 Chae et al. 2015         
9 Mohammadzadeh et al., 
2019 
        
9 van der Steen et al., 2017         
8 Betensky et al., 2008         





Clearly stress, from events of lesser or greater severity, is associated with psychosis risk, 
presence of schizophrenia spectrum disorders, relapse, and presence of psychotic symptoms in the 
general population. For the 94 papers included in this review, the majority focus on serious significant 
traumas such as childhood abuse and neglect; these are also the studies which are of the highest 
quality in this area, generally reflecting large sample sizes and statistical rigor. Collectively these 
papers indicate a consistent link between childhood trauma and psychosis risk. Another area where 
clear findings emerge is for the relationship between life events with onset of illness and relapse in 
those with an established disorder. The presentation of findings for other stressors is less clear within 
the literature, although there is increasing evidence for hassles playing a role in eroding mental well-
being in those with an underlying vulnerability to psychosis.  
Across life events, daily hassles and trauma there is an acknowledged difference in severity 
and frequency of these experiences. However, what seems to be key to predicting negative outcomes 
is the subjective level of stress, or sensitivity, experienced for/to these events and this is, likely, the 
pertinent factor in ultimately determining psychological health outcomes following an event. The 
consequences of  stressors are not simple, rather they occur in interdependent social systems each with 
their own processes (Larzelere & Jones, 2008). Stress is often viewed as a unitary concept and 
investigators neglect the complex nature of the triggers as well as the sequela of psychological and 
physical outcomes. Stress is inherently heterogeneous and existing studies do not capture the variation 
in experiences in a meaningful manner. For instance, within this review alone three major areas of 
stress have been identified (life events, hassles and trauma), each with their own subcategories. While 
these areas have been investigated alone, the idea that life events, hassles and trauma act in isolation is 
reductive, does not reflect the complexities of human experience and largely ignores the psychological 
ripple effects from environmental stressors. Similarly, the focus to date has been on using psychotic 
symptoms or diagnosis as an outcome, few studies have considered the effects of stress on the broader 
phenotypic putative risk markers such as schizotypy and other related constructs. Considering the 
effects of stress on more stable aspects of psychosis risk is essential to understanding the aetiology of 
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schizophrenia, it could provide a more nuanced understanding of how stress interacts with 
vulnerability to increase psychological distress and other symptoms.  
The review suggests that trauma (particularly experienced at a young age) is linked with the 
development of psychotic symptoms. The link between childhood abuse and psychosis has received 
much attention in the media and amongst advocate groups (ACSA, n.d.; Saunders & Goddard, 2002). 
Although studies have considered the window of sensitivity for the link between life events and the 
onset of psychotic symptoms, there has been less consideration concerning the temporal relationship 
between trauma and psychotic symptoms. There is evidence that critical periods exist in which the 
brain is particularly sensitive to the effects of stress (Humphreys et al., 2019). Additionally, the 
timeframe of the stressful event also seems to moderate which brain region will be most sensitive to 
trauma’s effects (S. L. Andersen et al., 2008). For instance, sexual abuse between age 3 and 5 years is 
linked to reduced hippocampal volume, while similar abuse between 9 and 10 years has been related 
to changes in the corpus callosum, and abuse between 14 and 16 years to changes in the prefrontal 
cortex (Teicher & Samson, 2013). The suggestion that biological changes can result from childhood 
trauma; which can then lead to psychosis is presented by the traumagenic neurodevelopmental model 
of psychosis (Read, Fosse, Moskowitz, & Perry, 2014). This model suggests that early life stress is 
linked with a number of biological consequences; including increased stress responsivity to later life 
stress (Heim et al. 2000; Pruessner et al. 2004) which may account for the seemingly high rates of 
childhood trauma reported in schizophrenia patients. Yet while many individuals experience trauma in 
early life, even in those at high risk, not all will go on to develop a schizophrenia spectrum disorder 
(only 10–20%; Simon et al., 2011; Yung et al., 2007). Childhood trauma is not only related to 
heightened risk of developing psychosis; rather it has also been related to higher odds of developing 
addiction (Bernstein, 2000; Walker, Scott, & Koppersmith, 1998), depression and anxiety disorders 
(Figueroa, Silk, Huth, & Lohr, 1997; Swett, Surrey, & Cohen, 1990), and post-traumatic stress 
disorder (PTSD; Frans, Rimmö, Aberg, & Fredrikson, 2005). Some of these disorders can also include 
psychotic symptoms and perhaps future research needs to consider the relationship between psychotic 
symptoms and trauma in a transdiagnostic manner. Knowing this, perhaps the important question is 
not whether serious and significant trauma leads to psychosis but how, and what psychological 
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mechanisms are laid down for psychotic outcomes specifically in individuals who have been abused. 
The studies contained here have focused on demonstrating associations between stressors and 
psychosis risk and/or relapse. However, the mechanisms underpinning this association are largely 
ignored. This poses two questions: first what factors differentiate psychological trajectories after a 
traumatic event? And secondly, does the type of event denote which trajectory the individual will take 
to particular psychotic symptoms as opposed to psychosis in general? The former question provides 
more fruit for elaborating our understanding of the development of psychopathology than the latter, 
however both require additional consideration in future studies. Additionally, although studies have 
considered the relationship between psychotic symptoms and trauma, future research also needs to 
focus on the interactions between trauma and schizotypy. For example, childhood abuse and neglect 
do not occur generally within an isolated environment, often psychopathology and substance use can 
also be present, inherently increasing vulnerability to experiencing such negative environmental 
factors. 
Furthermore, trauma describes a very personal event which carries individual factors largely 
lost at a group level. The focus on the trauma as a global trigger distracts from the heterogeneity of 
outcomes for individuals on practical, emotional and psychological levels. Trauma is complex and has 
rippling effects upon an individual’s life well beyond the instigating event. Future studies which focus 
on specific trajectories following a traumatic event to particular symptoms could elucidate the 
mechanisms that lead to poor mental health outcomes rather than conflating all traumas under one 
banner. This is a surprisingly under researched area, with each area of psychopathology focused on 
demonstrating a link between trauma and the mental health disorder of interest alone. A wider more 
inclusive gaze needs to be taken in the symptoms and disorders assessed and ultimately reported 
together. Rectifying this would require studies that encompass a wide range of precipitating factors 
(as well as outcomes) which have so far been examined distinctly i.e. life events, specific symptoms, 
mediating/protective factors, moderating factors, and biological variables.  
Regarding the important question of how stress may confer its toxic effect, neurobiological 
studies present a promising area of research. A recent review by Cancel et al. (2019) has shown an 
association between childhood trauma and neurobiological changes in schizophrenia patients 
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including impaired white matter integrity, issues with functional connectivity and decreased cortical 
thickness and total grey matter volumes. Structural MRI studies have reported childhood trauma is 
associated with decreased total cerebral gray matter (Cancel et al., 2015; Frissen, van Os, Peeters, 
Gronenschild, & Marcelis, 2018; Sheffield, Williams, Woodward, & Heckers, 2013), with sexual 
abuse and emotional neglect being considered particularly toxic (Cancel et al., 2015; Sheffield et al., 
2013). However, the picture is less clear when looking regionally, even in these same studies, with 
some reporting decreases in the prefrontal cortex (Cancel et al., 2015; Sheffield et al., 2013), while 
others find no differences (e.g. Habets et al. 2011). White matter, while less explored, has also 
demonstrated alterations in schizophrenia patients at various stages of the disorder who have 
experienced childhood trauma. In particular, important connective tracts such as  the inferior and 
superior longitudinal fasciculi, the forceps major, and the inferior fronto-occipital fasciculus show 
abnormalities distinct to those seen in healthy controls (Asmal et al., 2019; Poletti et al., 2015). 
Turning to functional MRI studies, altered hippocampal activity to emotionally laden stimuli 
(Benedetti et al., 2011), increased frontotemporal parietal and insular cluster activation in response to 
demanding working memory tasks (Quidé et al. 2017), and increased activation of the 
precuneus/posterior cingulate cortex region and the dorsolateral prefrontal cortex in relation to a 
theory of mind task (Quidé, Ong, et al. 2017)  have all been noted. Having said this, functional studies 
have not all noted associations with altered activity in relation to psychosis, with no main effect of 
psychosis found during a response inhibition task (Quidé, O’Reilly, et al. 2018). Additionally, as 
Cancel et al. (2019) note, methodological limitations such as interference of anti-psychotic 
medications mean that we cannot make concrete conclusions from the studies included thus far. We 
can however suggest that neuroimaging studies may provide further insight into the mechanisms by 
which stress affects risk for schizophrenia spectrum disorders. Future studies using neuroimaging 
techniques comprising individuals across the psychosis continuum could elucidate whether functional 
and morphological abnormalities are present prior to clinical onset and assist in identifying vulnerable 
individuals. 
Another promising area for understanding the pathoetiology of schizophrenia spectrum 
disorders lies in inflammatory responses. Inflammation is involved in the immune system with the 
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primary cells of action known as microglia (Howes & Mccutcheon, 2017). Animal studies have 
shown that environmental triggers (such as psychosocial stress or traumatic stimuli) activate the 
microglia resulting in pro-inflammatory responses (Hinwood, Morandini, Day, & Walker, 2012; 
Tynan et al., 2010). Importantly, the effect of inflammation has been observed in regions known to be 
affected in schizophrenia spectrum disorders such as the hippocampus and the amygdala (Howes & 
Mccutcheon, 2017). The fact that glucocorticoids affect immune cells also speaks to the potential for 
inflammation being a key target for further investigation, since their role in stress response is well 
documented. A number of studies have demonstrated increased microglia activation is present in 
schizophrenia spectrum disorders including recent onset (van Berckel et al., 2008) and during an 
active phase of psychosis (Doorduin et al., 2009). With reference to specific stress and inflammation, 
to date, the literature is promising with some functional neuroimaging studies reporting evidence of 
inflammation in patients who have experienced childhood maltreatment; for example,  increased 
levels of C-reactive protein (CRP) have been reported in patients with schizophrenia compared to 
controls with severity (shown by more types of abuse reported) also linked to elevated CRP (Aas et 
al., 2017). This dose -response relationship was also supported by Quidé et al. 2018 whereby 
increased severity of childhood sexual abuse was associated with elevated CRP levels in chronic 
schizophrenia but not bipolar patients. However, there are inconsistencies in the literature; a recent 
study of FEP and their biologically unaffected siblings demonstrated increased transforming growth 
factor beta (TGF-β) in those who had experienced childhood maltreatment compared to healthy 
controls. However, the overall cytokine profile for FEP was mixed with both increased pro and anti-
inflammatory cytokine activity which was not replicated in siblings (Corsi-Zuelli et al., 2019). 
Additionally, Kenk et al. (2015) reported no significant differences in neuroinflammation of either 
gray or white matter regions in schizophrenia patients during an active phase compared to controls. 
Therefore, while neuroinflammation is a burgeoning area of interest, there are still points of 
uncertainty, with a recent review by Barron et al. (2017) concluding that due to methodological 
concerns with current in vivo probe techniques, we cannot yet unilaterally support increased 
inflammation in schizophrenia spectrum disorders. With this in mind, future studies should seek to 
identify whether neuroinflammation may pose a transition risk to subgroups of vulnerable individuals, 
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or presents only at early stages of the disorder through exploration of the full psychosis continuum. 
This would be in keeping with the ‘toxic’ effect life events may have, which appear both time-limited 
and most potent during the early stages of schizophrenia spectrum disorders. Despite the currently 
mixed findings,  with other mental illnesses such as depression now being considered as inflammatory 
diseases, and the documented link between stress and inflammatory responses (Fillman, Sinclair, 
Fung, Webster, & Weickert, 2014), these new and exciting findings have fundamental implications 
for the consideration of the biological cascade potentially triggered by stress in psychosis vulnerable 
individuals.  
 
2.4.1 Methodological Concerns of Included Studies 
The clearest limitation of the studies included relates to those which were wholly 
retrospective in their data collection. There is difficulty in determining cause and effect from recalled 
events, particularly in the case of childhood trauma, which is highly complex, and, often, many years 
have passed between events and the recollection in studies. A longitudinal approach can increase the 
internal validity and potentially the veracity of data. With less time, cognitions and emotional 
sequelae have had less opportunity to bias recollection. However, even longitudinal studies are not 
without limitation. Just how long is an acceptable amount of time before an effect of trauma is 
expected to play out? Limited funding is an increasing constraint in psychological research, posing a 
problem for researchers attempting to provide an in-depth longitudinal study. This is not to say the 
outcomes derived from retrospective studies do not have meaning but simply that they must be taken 
with caveats (Zapf, Dormann, & Frese, 1996). In support of this, a recent meta-analysis by Baldwin et 
al. (2019) found such poor agreement between prospective and retrospective accounts of childhood 
trauma they concluded that use of each measure may actually capture different subgroups of people, 
each with different trajectories of risk. Moving forward longitudinal studies need to find some way to 
capture vulnerability effectively in those who are being followed up. Vulnerability needs to be 
captured using broader phenotypes rather than symptoms, which leave individuals at risk for only one 
disorder: broader risk phenotypes like schizotypy or emotional regulation temperaments would be 
beneficial to these ends. Longitudinal designs are also susceptible to selective attrition and testing 
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effects. Selective attrition occurs over the course of the study, and dropout rates mean a restriction in 
the range of participant variables (e.g. only healthy volunteers remain), meaning statistical 
associations may be underestimated and possibly underpowered. For testing effects participants lose 
interest over time in answering the same questions or they begin to reinterpret questions as they 
become more sensitive to the questions regarding their health.  
Stability of diagnoses is also a pertinent issue for longitudinal studies. There are a number of 
factors which may influence the reporting of symptoms across different time points in a longitudinal 
study :  
a) individuals may feel it is unnecessary to repeat symptoms they have reported before,  
b) unreliable reporting of symptoms by those who are close to the diagnostic threshold 
(Samuel et al., 2011; Vandiver & Sher, 1991),  
c) mood congruency and bias effects on recall can lead to inconsistent reporting. For example, 
a recent article by Marwaha et al. (2014) suggests mood instability may present a compelling variable 
in the genesis of schizophrenia and mediate the association with child trauma, potentially offering an 
answer for why some individuals go on to develop psychosis while others do not,  
d) testing predictors of the onset of schizophrenia spectrum disorders requires a sufficiently 
large cohort which is challenging. Additionally, timeframes for follow-up may determine sensitivity 
to capture the potential effects of stress for transitions to psychosis. This is particularly relevant for 
the cumulative effect of chronic stressors. 
A further limitation is the way in which life events, daily stress and trauma are categorized. 
Many of the situations reported under a category can legitimately exist in multiple categories at the 
same time. For example, marital difficulties can be viewed as both a significant stressor and a hassle 
that affects daily life. So which category does it accurately belong in? In addition, an individual’s 
personality and their psychopathology can affect the type and severity of stressor they experience as 
well as influence their reactivity to events, and yet these are rarely considered as covariates.  
The characterization of vulnerability in this area is limited. It is unlikely that psychotic 
symptoms following traumatic experiences and life events occur in the absence of an underlying 
vulnerability to expressing them, this is often unconsidered.  In addition, multiple risk factors may be 
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at play following a life event and it could be a factor consequent to the initial stressing event which is 
associated with psychotic symptoms rather than the stressor itself. For example, substance use can be 
used as a coping strategy following a stressor and most substances exacerbate psychotic symptoms. 
When people experience a significant stressor and their psychological and physical resources are 
compromised, their state will increase the likelihood that they make decisions which are not in their 
long term interests in order to alleviate their psychological distress in the short term. Understanding 
more fully how individual’s decision-making capacities are compromised following stress is therefore 
important from a cognitive and psychological perspective in appreciating the nature of coping 
following significant stressors. Again, this places an emphasis on attempting to understand the 
individual variability. 
 An additional limitation of the area is that further work is urgently needed concerning the 
biological correlates of stress and psychosis risk. While the functional and structural alterations 
related to psychosis vulnerability have been extensively considered, limited attention has been given 
to the effects of stress in those with either an established disorder or general population individuals 
with vulnerabilities to psychosis (either through state psychotic symptoms or trait schizotypy). The 
functional and structural alternations conferring vulnerability to schizophrenia spectrum disorders are 
subtle, although temporal, hippocampal and frontal areas are consistently related to psychosis risk 
(Ding et al., 2019; Mubarik & Tohid, 2016). These areas, in particular the hippocampus, are also 
reported to be vulnerable to environmental factors (Kim, Pellman, & Kim, 2015). The findings 
involving these brain areas need to take into account genetic, environmental and broader risk factors 
in order to better understand the factors which influence their functionality and structural 
vulnerability. Additionally, studies considering structural and functional differences in relation to 
stressors other than childhood trauma are needed. Also mentioned, many of the present studies are 
confounded by anti-psychotic medication use, so another useful direction for future research is to 
capture individuals across the psychosis continuum to allow mapping of morphology and functional 
changes present prior to the onset of illness. 
Consideration of neural correlates is only one aspect of the biological markers which require 
consideration. From those studies summarized in this review, the HPA axis appears to be consistently 
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blunted in response to stressors; while demonstrating a higher baseline level of cortisol release in 
those with high schizotypy as well as patients with schizophrenia. These results suggest those prone to 
psychosis experience heightened physiological arousal and do not demonstrate the physiological 
readiness to handle environmental stressors. This could compromise cognitive capacities (Havelka, 
Prikrylova-Kucerova, Prikryl, & Ceskova, 2016), lower psychological resources and impair decision 
making capabilities for coping and subsequent development of strategies which could assist in the 
management of a stressful event and its consequences (Goldfarb, Froböse, Cools, & Phelps, 2016). 
Given the higher levels of basal cortisol levels seen here, it seems striking that lower levels of cortisol 
reactivity are reported following stress in those who are psychosis prone. However similar results can 
be found in other areas. Depressed patients with a history of childhood trauma have similar patterns of 
lower cortisol release following stress in saliva (Suzuki, Poon, Papadopoulos, Kumari, & Cleare, 
2014) and lower cortisol in hair (Duncko et al., 2019). Lower levels of cortisol reactivity are also 
documented in those with a family history of alcoholism and childhood adversity (Lovallo, Cohoon, 
Acheson, Sorocco, & Vincent, 2019). These studies highlight that many of the factors associated with 
psychosis risk, such as childhood trauma and alcoholism, are also related to similarly blunted cortisol 
release following stress . This collection of findings present implications and limitations of our current 
knowledge. First, it is unclear whether other co-occuring factors, rather than psychosis risk itself, are 
associated with blunted cortisol reactivity. Secondly, if we are interested in understanding the cortisol 
reactivity signatures inherent to particular disorder trajectories, we need to take into account the 
myriad of co-occurring factors which influence cortisol release. Finally, it appears that there is 
accumulating evidence that cortisol reactivity (and cortisol measured through hair samples) is a 
marker which is present for a substantial time after a stressor has taken place. Therefore, we need to 
understand how these changes to the HPA take place so that we appreciate how to turn back the 
dampening of the physiological responses to stress. It is curious to consider that there is an 
appropriate tone for cortisol release following stress. Much like many other aspects of our physiology, 
this appears to require a fine balance to be effective and nourish psychological health.    
2.4.2 Implications for Future Research 
Whilst there are many contributing factors to psychosis, studies investigate these factors as 
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separate entities, when in truth they are not mutually exclusive, but more likely exist in a reciprocal 
fashion. For example, if an individual experiences bullying, they are likely to become socially 
withdrawn and experience loneliness, both of which are associated with schizophrenia spectrum 
disorders (Beck, 2004; Roe, Mashiach-Eizenberg, & Lysaker, 2011). These may then lead them to 
lower educational engagement, attainment and fewer total years in education, which in itself is 
associated with psychosis risk (Tsai et al., 2014). This will have an effect on their socioeconomic 
status in the long run (see Corcoran et al., 2009; Goldberg et al., 2011; Werner, Malaspina, & 
Rabinowitz, 2007 for links between low socioeconomic status and schizophrenia spectrum). One 
adverse environmental experience has the capacity to instigate a cascade of deleterious events and 
unfolding circumstances in individuals who may already be psychologically vulnerable and ill 
equipped to manage an aversive environment. We cannot attribute cause and effect directly to many 
of the life events, hassles and traumas investigated in psychosis, as no comprehensive longitudinal 
studies have yet been completed. Epidemiological studies have provided substantial evidence of 
associations between life events, trauma, hassles and psychosis. However, there is a paucity of 
research investigating potential underlying mechanisms in this area. The studies included here do 
seem to suggest that interpersonal trauma is a significant risk factor for psychosis. However, traumas 
such as these are experienced by a large number of people who do not go on to experience psychotic 
symptoms or develop schizophrenia spectrum disorder.  
The role of genetic vulnerability, and potentially their interaction with stress is also an area 
for future research. Family, twin and adoption studies demonstrate that multiple disorders that 
included the experience of psychosis are highly heritable (approximately 0.69; Wray & Gottesman, 
2012). Association studies have thus far highlighted multiple genes coding for proteins which are 
thought to be involved in the pathophysiology of schizophrenia [e.g. NRG1 (neuroregulin 1), 
DTNBP1 (dysbindin), DRD1-4 (dopamine receptors D1–D4), DISC1 (disrupted in schizophrenia 1), 
COMT (catechol- O-methyl-transferase) and GRM3 (metabotropic glutamate receptor)] (e.g. Chubb, 
Bradshaw, Soares, Porteous, & Millar, 2008; Hänninen et al., 2006). No one single gene has 
significant predictive value at this point, as rather many genes are proposed to be relevant, each only 
contributing small individual effect sizes (Bergen & Petryshen, 2012; Gilks et al., 2012; McGrath et 
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al., 2013). However, few polymorphisms have received consistent replication and, as yet, the nature of 
the genetic vulnerability is poorly understood, with genetic research over-shadowed by limited impact 
on treatments and patient outcomes (Modinos et al., 2013; van Os et al., 2008). There are some 
promising suggestions that an interaction between genes and stress may be involved in multiple areas 
implicated in schizophrenia. Including; neuroendocrine consequences, with adversity linked to 
increased gene expression of corticotrophin-releasing hormone (Meaney, 2001; Miklós & Kovács, 
2012); the frontal lobe, with preclinical studies showing psychosocial stress alters GAD67 expression 
in the prefrontal cortex (Dent, Choi, Herman, & Levine, 2007; Gilabert-Juan, Castillo-Gomez, 
Guirado, Moltó, & Nacher, 2013); and reduced GR mRNA expression in the hippocampus (Hu, 
Zhang, Czéh, Flügge, & Zhang, 2010; Patel, Katz, Karssen, & Lyons, 2008) which has implications 
for HPA regulation. While these studies rely predominantly on animal models, they present useful 
targets for further investigation. The clinical implications of these findings suggest that those at risk 
for psychosis are not well equipped to deal with the cards life hands them. Often it can be difficult for 
a treatment focused clinician to see past the symptoms to the person beyond who has to handle the day 
to day stresses and significant lifetime experiences which commonly occur. Providing support for 
concerns and hassles as well as more major events which occur in a patient’s life could be invaluable 
to increasing the individual’s capacity to manage their lives. Supportive care has the potential to help 
build emotional skills and more explicit development of strategies for major changes in life 
circumstances could be incorporated into cognitive behavioural strategies. Given that studies in 
healthy individuals who experience psychotic symptoms also demonstrate a similar pattern of poor 
stress response, improving stress resilience in the general population as well as in patient groups 
would be globally beneficial. Increasing resilience across all populations may be one mechanism for 
lower stress reactivity (García-León, Pérez-Mármol, Gonzalez-Pérez, García-Ríos, & Peralta-
Ramírez, 2019) perhaps in the long run reducing the emergence of psychopathology in general.  
The potential modifiability of stress and an individual’s response to stressors, represents a 
relevant target for psychosis transition and relapse prevention. Additionally, given that many of the 
physical illnesses associated with schizophrenia, such as cardiovascular indicators and diabetes, are 
related to biological stress responses (Albert et al., 2017; Carvalho et al., 2015), an intervention 
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designed to reduce stress reactivity may have long term secondary physical benefits (Benseñor et al., 
2012; Cohn, Prud’homme, Streiner, Kameh, & Remington, 2004; Dinan, 2004). Certainly, the 
increasing incorporation of mindfulness techniques into standard cognitive behavioural therapy is 
encouraging (Lau & McMain, 2005). Despite this, the underlying mechanisms through which stress 
exerts its influence both biologically and psychologically continue to allude us. A detailed theoretical 
framework that comprehensively outlines the role of stress in schizophrenia spectrum disorder 
pathophysiology is as yet unavailable.  
The studies considered in this review suggest that additional work needs to focus on the 
biological mechanisms underpinning robust epidemiological links, such as the link between childhood 
trauma and psychotic symptoms. With increasing understanding of stress, trauma and the effects of 
life events gleaned from parallel disciplines, it is clear family history, substance use and other 
confounding factors need to be considered by all future studies. Since there is a need to understand 
how stable vulnerability factors interact with stress, focusing on schizotypy could have important 
implications for identification, clinical assessment and treatment formulation. Most importantly, stress 
is a risk factor for a wide range of mental health disorders later in life, so early intervention might help 
to prevent the transition to later psychopathology of many diagnostic categories.  
2.4.3 Conclusions 
While there is convincing evidence that a link exists between stress and schizophrenia 
spectrum disorders, the fact that only 10-20% of even those with an at risk mental state make a 
transition to schizophrenia spectrum disorder (Fusar-Poli et al., 2012; Simon et al., 2011; Yung et al., 
2003) suggests stress alone may not be specifically related to increased risk of developing a disorder. 
Rather certain stressors such as trauma and pathophysiological deficits interact to provide a general 
vulnerability to experiencing subclinical symptoms. In addition, life events and daily hassles will 
compound a system already sensitized to environmental stressors and may exacerbate symptoms to 




Chapter 3: Cognition along the Psychosis Continuum 
 
Cognition is defined as “the mental action or process of acquiring knowledge and 
understanding through thought, experience, and the senses” (Oxford Dictionary of English, 
2003). Cognition at its heart is the internal processes involved in our ability to make sense of 
our environment, the ability to decide what action we should take, and the required 
knowledge to do so. This is achieved through the complex interplay of multiple processes and 
domains such as perception, language, memory, attention, problem solving, and reasoning 
(Eysenck & Keane, 2005).   
Cognition as a concept is broad and complex, and it is beyond the scope of the current 
work to consider all facets of cognition. Instead, focus has been given to those capacities and 
abilities which are implicated along the psychosis continuum. Provided in Table 3.1 is an 
outline of some of these domains of cognition and a summary of the key study findings over 
the last 5 years (schizophrenia patients, unaffected relatives, and schizotypes). Studies were 
located using a PsycINFO search using terms psychosis OR schizophren* OR “at risk” OR 
prodrome OR schizoty* AND cogniti* OR "processing speed", attention, memory, learning 




Table 3.1                   
Overview of recent studies investigating cognition along the psychosis continuum 
Domain Definition Author Were impairments present? 
   Patients First episode/ 
Prodrome 
“At risk” Relatives Schizotypes 
Attention Composed of three key 
components (alerting, 
orienting, and executive 
control), attention is our 
ability to focus on salient 
stimuli, whilst 
simultaneously  ignoring 
other seemingly 
irrelevant information. It 
also involves our ability 
to change our focus form 
one stimuli to another  
based on the demands of 
our situation and 
environment. 
Andersen et al., 
2016 
 
     
 Bang et al., 2015 
 
     
 Bendall et al., 2014 
 
     
 Bliksted, Videbech, 
Fagerlund, & Frith, 
2017 
 
     
 Burton et al., 2018 
 
     
 Carrión et al., 2018 
 
     
 Dalmaso, Galfano, 
Tarqui, Forti, & 
Castelli, 2013 
 
     
 Harave et al., 2017 
 




& Ceskova, 2016 
 
     
 Jang, Park, Lee, 
Cho, & Choi, 2016 
 
     
 Kane et al., 2016 
 
    / 
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 Kelleher et al., 2013 
 
     




     
 Mirzakhanian, 
Singh, Seeber, 
Shafer, &  
Cadenhead, 2013 
 
  /   
 Mucci et al., 2018 
 
     
 Nikolaides et al., 
2016 
 
     
 Sawaki et al., 2017 
 
     
 Schmidt-Hansen & 
Honey, 2014 
 
    / 




     
 Harave et al., 2017 
 
     
 Song et al., 2013 
 
     
 Yasmin & Pandey, 
2018 
 
     
Executive 
functioning 
The ability to maintain 
and shift behavioural 
responses to the demands 
of our environment in 
order to control our 
actions and goal-directed 
behaviour. It requires us 
Bang et al., 2015      
 Bliksted, Videbech, 
Fagerlund, & Frith, 
2017 
 
     
 Carrión et al., 2018      
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to be able to consider 
consequences of action, 
alternatives, the ability to 
plan, think abstractly, 
problem-solve and be 
flexible in our mental 
approach. 
 
 Cella, Hamid, Butt, 
& Wykes, 2015 
 




& Ceskova, 2016 
 
     
 Karagiannopoulou 
et al., 2016 
 
    / 
 Lam, Raine, & Lee, 
2014 
 
     




     




     
 Mucci et al., 2018 
 
     
 Mukkala et al., 
2014 
 
     
 Prouteau et al., 
2015 
 
     
 Srivastava & 
Kumar, 2016 
 
     
 Yang et al., 2015 
 
     
Learning Inextricably linked with 
memory, learning is the 
acquisition of knowledge. 
Carrión et al., 2018 
 
  /   
 Corbett et al., 2018      
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The purpose of which is 
to be able to adapt to 
one’s environment and 
make decisions which 
will bring about the best 
outcomes for the 
individual. 
 
 Cornelis et al., 2016 
 
/     
 Haselgrove et al., 
2016 
 
    / 
 Kelleher et al., 2013 
 
     




     
 Moran, Culbreth, & 
Barch, 2016 
 
    / 




     
 Mucci et al., 2018 
 
     
 Sheffield, Ruge, 
Kandala, & Barch, 
2018 
 
     
Memory Our ability to encode 
information, store it, 
retain it and finally recall 
that information to make 
use of it. Made up of long 





Bang et al., 2015 
 
  /   
 Bliksted, Videbech, 
Fagerlund, & Frith, 
2017 
 
     
 Caldiroli, Buoli, 
Serati, Cahn, & 
Altamura, 2016 
 
     
 Carrión et al., 2018 
 
     
 Cella, Hamid, Butt, 
& Wykes, 2015 







& Ceskova, 2016 
 
     
 Jang, Park, Lee, 
Cho, & Choi, 2016 
 
     
 Kane et al., 2016 
 
    / 
 Karagiannopoulou 
et al., 2016 
 
    / 
 Kelleher et al., 2013 
 
 /    




     
 Mucci et al., 2018 
 
     
 Song et al., 2013 
 
     
 Yasmin & Pandey, 
2018 
 
     
Processing 
speed 
The speed with which we 
can perform various 
cognitive operations. This 
is important because the 
efficacy of many higher 
order cognitive functions 
(e.g. perceptual 
processes, retrieval 
operations and decision 
processes) are speed-
dependent. 
Bang et al., 2015      
 Bliksted, Videbech, 
Fagerlund, & Frith, 
2017 
 
     
 Brébion et al., 2015 
 
     
 Carrión et al., 2018 
 
     
 Cella, Hamid, Butt, 
& Wykes, 2015 




 Cella & Wykes, 
2013 
 
     
 Kelleher et al., 2013 
 
 /    




     
 Mucci et al., 2018 
 
     
Social Cognition The perception, 
interpretation and 
processing of social and 
emotional information. 
Common abilities 
associated with social 
cognition are non-verbal 
communication, facial 
affect recognition, 
inferring ones’ own and 
others’ mental states, and 
attributions. 
Bliksted, Videbech, 
Fagerlund, & Frith, 
2017 
 
     
 Buck, Pinkham, 
Harvey, & Penn, 
2016 
 
     
 Caldiroli, Buoli, 
Serati, Cahn, & 
Altamura, 2016 
 
     
 Cella, Hamid, Butt, 
& Wykes, 2015 
 
   /  
 Cotter et al., 2017 
 
 /    
 Davidson et al., 
2018 
 
    / 
 Hamilton et al., 
2014 
 
     
 Lam, Raine, & Lee, 
2014 
 
/     




 Miller & 
Lenzenweger, 2012 
 
     
 Mucci et al., 2018 
 
     
 Revsbech et al., 
2017 
     




3.1 Cognitive deficits in schizophrenia 
The past two decades have seen a dramatic increase in studies concerned with the 
nature of cognitive abnormalities in schizophrenia spectrum disorders. Such interest has been 
fuelled by results of structural brain abnormalities studies (Heinrichs & Zakzanis, 1998; 
Reichenberg & Harvey, 2007) advancements in the techniques for neuropsychological testing 
and neuroimaging (Keshavan, Tandon, Boutros, & Nasrallah, 2008), and the pervasiveness 
(Heinrichs, 2005) and limiting nature of such cognitive deficits on functional outcome 
(Bowie et al., 2008; Green, 1996).  
Recorded impairments in cognition has been shown to distinguish patients with 
schizophrenia from healthy controls. The cognitive deficits reported in schizophrenia 
spectrum disorders are varied but generally impairments are documented in episodic memory 
(Aleman et al., 1999; Achim & LePage, 2005; Ranganath et al., 2008), processing speed 
(Dickinson et al., 2007), verbal fluency (Henry & Crawford, 2005), attention (Fioravanti et 
al., 2005), and executive functions and working memory (Barch & Smith, 2008; Laws, 1999; 
Lee & Park, 2005; Reichenberg & Harvey, 2007). The first large scale meta-analysis of the 
cognitive deficits found in schizophrenia was conducted 30 years ago, using over 200 studies 
Heinrichs and Zakanis (1998) documented a general impairment of 0.92 standard deviations 
below that of community comparison groups (Heinrichs, 2005). Since then multiple papers 
and indeed meta-analyses of various cognitive functions have been completed in patients with 
schizophrenia, and while the severity of impairment is still under debate, with considerable 
variability between individuals (Fajnerová et al., 2014), performance across these domains in 
the majority of patients (82-84%) sits more than 1 SD below the general population (Keefe, 
Eesley, & Poe, 2005; Reichenberg et al., 2009). More recently Schaefer, Giangrande, 
Weinberger, and Dickinson, (2013) continued to demonstrate consistent impairments, using a 
large scale meta-analysis of 9048 patients supporting previous findings of a robust 
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generalised deficit seen in cognitive function in patients with schizophrenia. 
In terms of clinical relevance as a target of investigation, cognitive impairment is a 
robust predictor for both poor social and vocational outcome (Bowie et al., 2008; van Winkel 
et al., 2007). Cognitive impairments also negatively affect daily life, social interactions and 
interpersonal relationships, and long-term patient outcomes (Stuchlik & Sumiyoshi, 2014). In 
fact, a meta-analysis including over 200 studies demonstrated a correlation of approximately 
0.25 between cognition and occupational and social functioning (Fett et al., 2011). Due to 
consistently high prevalence and the subsequent pervasive nature of cognitive impairments in 
schizophrenia spectrum disorders they have also been included as a diagnostic element in the 
DSM-5.  
Cognitive deficits are also present at all stages of psychotic illness but the course of 
cognitive function as individuals transition along the psychosis continuum to schizophrenia 
has not been definitively outlined. Research thus far has suggested that initially we see 
premorbid impairment, with likely deterioration occurring just before or at onset of florid 
psychotic symptoms, following this first episode we may see a small improvement (likely due 
to treatment), and then stability relative to the first episode but with significant  heterogeneity 
noted across patients (Bilder et al., 2006; Kremen et al., 2008).  
With the knowledge that cognitive dysfunction is a core feature of schizophrenia 
spectrum disorders, and that it can predict functional impairments in daily life seen in 
disordered individuals, investigations which seek to elucidate whether cognitive dysfunction 
is a neurobiological marker of psychosis prior to the onset of illness seems key. There are two 
streams of investigation which would allow this: the first is the genetic approach, which 
examines cognitive function in those related to patients, the second is to turn to those who are 




3.2 Cognitive deficits in relatives of patients 
 Considering the genetic approach, endophenotypes are intermediate traits between  
genes and the clinical disorder itself (Aydın et al., 2017; Gottesman & Gould, 2003). A key 
component of the definition for an endophenotype is that is co-occurs genetically with the 
clinical end point at a higher rate than found in the general population  (see box for criteria).  
To consider the domain of neurocognition as an endophenotype of schizophrenia, Aydın et 
al., (2017) investigated visual searching, mental flexibility, verbal fluency, motor processing 
inhibition and executive functions in both simplex (single cases) and multiplex (multiple 
cases) families. Compared to healthy controls, both sets of relative groups had poorer 
performance across all tasks. In particular, performance was poorest in the Trail Making 
Task, which assesses visual search, attention, mental flexibility and motor functioning 
abilities. 
A similar pattern of cognitive impairment to those documented in patients, although 
of lesser severity, is present in non-psychotic relatives (Sitskoorn et al., 2004; Whyte et al., 
2005; Whalley et al., 2007) and assumed to be related to a shared genetic liability (Fusar-Poli 
et al., 2007; Snitz et al., 2006; Touloupolou et al., 2007).  
Other studies have focused on specific cognitive 
domains rather than a broad approach. Deficits in 
attentional tasks have been investigated by Park, 
Lenzenweger, Püschel, and Holzman, (1996) who 
found absent spatial negative priming in healthy, 
first-degree relatives of schizophrenia spectrum 
disorder patients. Attentional deficits have even 
been shown in those as young as 7 years by Burton et al. (2018), who found those at familial 
high risk of schizophrenia also displayed small deficits in interreference control and 
Criteria for an endophenotype 
A marker must: 
 Be associated with illness in the 
general population 
 Be heritable 
 Be state-dependent (it will 
manifest in the individual even if 
illness is not active 
 Co-segregate within families 
 Have higher rates in non-affected 
family members than in the 
general population  
Gottesman and Gould, 2003, pg 639 
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pronounced deficits in sustained attention. Among the other cognitive domains which are 
commonly impaired in schizophrenia patients, executive functioning has also been reduced in 
relatives of patients. Using the Wechsler Memory Scale,  Harave et al. (2017) demonstrated 
that siblings of patients show poorer performance on tests of executive functions compared to 
healthy controls. Additionally a meta-analysis of healthy relatives of patients with 
schizophrenia found a number of cognitive deficits are present compared to controls 
including executive functions (Bora et al., 2014).  
Having said this, while deficits are similar, they are not identical and there is some 
research in which cognition or at least parts of it seem to be comparable to the levels of 
functioning seen in the general population. For example, a large scale study by Mucci et al. 
(2018) using  a comprehensive battery of tasks, demonstrated that social cognition (which is 
consistently impaired in patients e.g. Buck, Pinkham, Harvey, & Penn, 2016; Hamilton et al., 
2014; Mier et al., 2017) remained intact in unaffected relatives. Additionally a study using 
the Northern Finland 1986 Birth Cohort, found that individuals at familial risk of psychosis 
did not demonstrate significant neurocognitive deficits compared to patients (Sari Mukkala et 
al., 2011). Together the research suggests relatives demonstrate similar deficits to those with 
schizophrenia, though the mixed findings indicate that areas of divergence exist, and likely 
partially explain why even those at familial risk do not all go on to develop a psychotic 
disorder. 
3.3 Cognitive deficits in schizotypy  
The suggestion that neurocognitive deficits are a potential endophenotype of 
schizophrenia, would also require the same cognitive deficits seen in patients, to be present in 
those at the sub-clinical end of the continuum, schizotypes. When we look to the research in 
schizotypy, we see mixed results. While a number of studies of the general population have 
found that individuals with schizotypal traits have similar patterns of cognitive deficits as 
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those with schizophrenia, just in attenuated form (Nelson, Seal, Pantelis, & Phillips, 2013; 
Yung & Nelson, 2013), others (conducted in student cohorts and community samples) have 
found heterogeneous results for cognitive impairment. For example individuals with high 
schizotypal trait scores have shown deficits in attention (Berdiga & Lenzenweger 2006) and 
some executive functions (Laws, Patel, & Tyson, 2008). Yet in a meta-analysis of 33 studies 
of college students, Chun, Minor, and Cohen, (2013) found that despite small deficits in set-
shifting (executive functioning) and working memory, neurocognitive performance was 
generally comparable to average/low schizotypes.  
The inconsistency of research findings of cognition in schizotypy is particularly 
prevalent in tasks of working memory and learning. Working memory is commonly assessed 
in research by digit- or letter-number span tests, n-back tasks, or delayed match-to-sample 
tasks (Kane et al., 2016). Matheson and Langdon (2008) found that the cognitive/perceptual 
and interpersonal schizotypy dimensions were associated with reduced letter-number span, 
but the majority of other studies have failed to find significant differences when comparing 
high and low schizotypes in span tasks (e.g. Avons, Nunn, Chan, & Armstrong, 2003; Chan, 
Wang, et al., 2011; Chun, Minor, & Cohen, 2013; Daly, Afroz, & Walder, 2012; Iati, 2012; 
Lenzenweger & Gold, 2000;M. Peters, Smeets, Giesbrecht, Jelici, & Merckelbach, 2007; 
Tervo, 2004; Unsworth et al., 2009; Wang et al., 2008). There has been slightly more 
evidence for n-back and delayed -match-to-sample studies with some reporting reduced 
performance in high schizotypes (Gooding & Tallent, 2003; Kerns & Becker, 2008; 
Koychev, El-Deredy, Haenschel, & Deakin, 2010; Koychev et al., 2012; Park, Holzman & 
Lenzenweger, 1995; Schmidt-Hansen & Honey, 2009; Tallent & Gooding, 1999), but this is 
still not consistent (Chan, Wang et al., 2011; Smyrnis et al., 2007; Park & McTigue, 1997; 
Smith & Lenzenweger, 2013; Wang et al., 2008).  
There is a paucity of research investigating cognition and schizotypy in relatives of 
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patients, however a few have begun to consider the association of schizotypy and cognitive 
function in unaffected relatives. Consistent with the deficits found in relatives of 
schizophrenia spectrum disorders, relatives with high schizotypal traits have demonstrated 
impairments in executive functioning (Laurent et al., 2000, 2001), and verbal fluency 
(Zouraraki, Karamaouna, Karagiannopoulou, & Giakoumaki, 2017) compared to healthy 
controls. Of particular import to the notion of cognition as an endophenotype, is the study by 
Diwadkar, Montrose, Dworakowski, Sweeney, and Keshavan (2006), whose investigation 
demonstrated that  cognitive deficits in functional areas such as working memory and 
executive functioning actually predicted schizotypy in adolescent offspring of schizophrenia 
patients.  
Given the inconsistent findings for deficits in schizotypy, we must consider what 
might be influencing these results. Why do some studies find deficits while others do not 
when using seemingly identical cognitive assessments? Perhaps part of the issue may be 
methodological heterogeneity between the studies. For example, studies use different 
schizotypy measures (SPQ, O-LIFE, PANSS), some average across multiple schizotypy 
factors to give a total score while others consider only a single dimension of schizotypy (e.g., 
social anhedonia). For statistical analyses, some studies assess schizotypy continuously while 
some choose to dichotomise schizotypy into extremes, and others look at schizotypy 
dimensionally. There are also multiple ways in which authors choose to define their groups, 
some studies will take a high vs low approach, others will categorise into high, average and 
low, others will aggregate average and low or high and average. When we look to the chosen 
samples, we see tests of community samples or often university students, and ultimately most 
studies have small sample sizes.  Having said this, a recent meta-analysis with fixed effects 
models reported poorer performance on language, learning, attention, working memory and 




It would thus seem that neurocognitive deficits are present to some extent in 
schizotypy, so cognition may be a potential endophenotype, though the current heterogeneity 
of deficits seen in those with schizotypy requires further investigation to elucidate exact 
domains which do exhibit the attenuated deficits seen in clinical illness. A large body of 
research has investigated cognitive and, specifically, correlates of schizophrenia spectrum 
disorder (e.g. Barch, 2005; Barch & Ceaser, 2012; Heinrichs & Zakzanis, 1998; Park & 
Gooding, 2014). Studying schizotypy provides advantages when interest concerning risk 
versus resilience for vulnerability. From a cognitive perspective, an additional advantage is 
that mental processes in high schizotypes can be studied without the interference of the often 
severe behavioural, social, and medical consequences of schizophrenia (Kane et al., 2016).  
3.4 Stress impacts on cognition 
 Given that there is strong evidence for cognitive deficits along the psychosis 
continuum, it is also important to consider in tandem potential factors which may interact 
with these existing deficits to further impair an already compromised system.  Stress, in its 
many forms, affects cognitive performance (Brüne, Nadolny, Güntürkün, & Wolf, 2012; 
Koh, Park, & Cho, 2006). We have previously discussed that stress is a broad multi-faceted 
phenomenon (much like cognition). As such there are multiple ways in which stress may 
influence cognitive functioning. Stress response (for example the likelihood of occurrence 
and the intensity) varies greatly from person to person, even for the same objective stressor 
(Calvo & Gutiérrez-García, 2016). This is likely linked to the appraisal of the stressor. 
Individuals who are prone to perceiving threat cues, as well as having a bias towards 
negatively interpreting ambiguous stimuli, are more likely to perceive the demands of a 
stressor to outweigh their resources for dealing with it, and thus may experience greater stress 
response as a result. 
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 When a stress response is triggered, activation of the HPA axis leads to the release of 
additional glucocorticoids (cortisol) (Graybeal, Kiselycznyk, & Holmes, 2012). In the short 
term, acute stress can lead to enhanced cognition. Weerda, Muehlhan, Wolf, and Thiel (2010)  
found that acute social stress enhanced performance on a working memory task. 
Alternatively, when stress is persistent and chronic, research suggests that cognition,  and 
again in particular memory, is negatively affected (Oei, Everaerd, Elzinga, van Well, & 
Bermond, 2006). Indeed, the most consistent evidence for an effect of stress on cognition has 
been in the domains of memory, attention and executive functioning. A meta-analysis by Het, 
Ramlow, and Wolf, (2005) combined 15 studies of the effect of acute cortisol administration 
and concluded that stress before the retrieval phase causes impairment in memory 
performance. This meta- analysis also considered time of day effects (circadian rhythms) on 
learning. They concluded that morning cortisol elevation seems to enhance learning, while 
afternoon elevations either have no or an impairing effect. This study was limited by the 
heterogeneity of the studies included, however does support the notion that stress can impact 
cognition. 
When we look specifically to higher order cognitive function, stress also plays a part. 
Executive functions such as cognitive flexibility and cognitive control, are managed in part 
by the prefrontal cortex (Butts, Floresco, & Phillips, 2013). Under high stress loads, 
prefrontal cortex-dependent function switches from their usual top-down processing which 
allows higher thought, emotion, and behavioural control, to the more primitive bottom-up 
processing which relies on reflex and habit in decision making (Plessow, Schade, 
Kirschbaum, & Fischer, 2017). Multiple studies of both humans and rodents have 
demonstrated that stress impairs cognitive flexibility (Butts et al., 2013; Cerqueira, Mailliet, 
Almeida, Jay, & Sousa, 2007; Lapiz-Bluhm, Soto-Piña, Hensler, & Morilak, 2009) and 
attentional control (Alomari, Fernandez, Banks, Acosta, & Tartar, 2015; Sänger, Bechtold, 
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Schoofs, Blaszkewicz, & Wascher, 2014).  
Finally, when considering how stress and psychosis might interact, Aas et al. (2012), 
using a large scale study of 239  schizophrenia spectrum disorder patients, demonstrated that 
early life stress was associated with general cognitive dysfunction as well as specific deficits 
in working memory and executive function. Taken together, the studies suggest that stress is 
an important factor to include for its potential moderating effects, not only on psychosis 
itself, but also for functional outcomes. 
3.5 Functional outcomes of cognitive impairment and cognitive failures  
The effects of stress on cognitive performance demonstrate that the way in which we 
operate or function in our general environment is determined by multiple factors. 
Functioning, as a term, covers multiple domains from global, social, interpersonal, 
occupational and cognitive, all of which have implications for quality of life and life 
satisfaction. From a functional point of view, schizophrenia is associated with substantial 
generalised disability, with affected individuals generally reported low rates of employment 
and marriage, poor health, lower wellbeing and quality of life, less educational achievement, 
and generally lower life expectancy (Schaefer et al., 2013). At present the relationship 
between cognitive impairment and symptom severity is low-to-modest at best (Dominguez et 
al., 2009; Hughes et al., 2003; Ventura et al., 2010). Despite this, cognition is considered a 
robust predictor of real-world community functioning (Green, 1996), implicated in people’s 
ability to complete everyday living tasks (Evans et al., 2003; Patterson et al., 2001).  
Clinically, multiple studies have demonstrated the importance for cognition and also 
specifically negative symptoms in predicting social and daily living functioning in 
schizophrenia spectrum disorders (Green et al., 2000;2004; Greenwood et al., 2005; Milev et 
al., 2005). With reference to real-world cognitive performance (successful completion of 
daily tasks), a study by Bowie et al. (2008) demonstrated that attention/working memory and 
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executive functions confer an important effect on behaviour in schizophrenic adults. While 
Landro and Ueland (2008) demonstrated an apparent association between verbal fluency and 
psychosocial functioning. According to Hooper et al. (2010), the ability to communicate and 
perform social and daily living is associated with a wide variety of cognitive domains 
(including IQ, social cognition, and memory). While, Cervellione et al. (2007) demonstrated 
that cognitive processes were associated with long-term social/communication abilities, 
personal living and community living skills. Finally, using a longitudinal follow up of 13-
years, Oie et al. (2011) demonstrated that functioning (both social and community) was 
predicted by executive function, memory, processing speed and attention at baseline. Thus, it 
has been posited that cognitive impairment may be a better predictor of real-world functional 
outcome than symptoms in patients with schizophrenia and should therefore be a  possible 
target for interventions (Leung et al., 2008). However, the picture is still complex, with some 
studies finding cognitive dysfunction to be independent of psychopathological symptoms 
(Banaschewski et al., 2000; Kravariti et al., 2003), while others find significant relationships 
between cognitive dysfunction and psychotic symptoms (positive- Hoff et al., 1996, negative- 
Rhinewine et al., 2005, and total- Mayoral et al., 2008). Overall, the research suggests that 
the relationships between real-world functioning and cognitive characteristics together are a 
worthy target for investigation. 
In the context of schizotypy we see similar functional impairments demonstrated, with 
studies reporting lower functioning in interpersonal functioning (Wang et al., 2013), social 
skills and quality of life (Xavier, Best, Schorr, & Bowie, 2015), the day -to-day living 
domains of  comprehension/planning, finance, communication, and mobility (McClure, 
Harvey, Bowie, Iacoviello, & Siever, 2013), and lower rates of employment, with jobs often 
having less cognitive complexity (McGurk et al., 2013). Having said this, high schizotypy is 
not synonymously linked with lower daily function. This is supported by the (albeit small) 
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number of studies that demonstrate functioning in what is commonly referred to as “healthy 
schizotypes”. The idea behind the healthy schizotype is a picture of an individual who has 
aberrant perceptions, beliefs and experiences but whom is able to function well on a day-to-
day basis. The current body of research suggests that individuals with schizotypy can 
experience similar levels of wellbeing to the general population and in some cases find their 
experiences help them to understand their world and how they fit into it (Mohr & Claridge, 
2015). This view of schizotypy while distant from a disease-based model, compliments the 
multidimensional view of schizotypy that this thesis will take. We seek to investigate not 
only the potential risks of schizotypy and areas of similarity to those with psychotic illness, 
but its advantages and points of difference for those along the psychosis continuum. 
While the formal assessment of neuropsychological deficits is important and can be 
objectively captured using the laboratory designed measures such as the CogState battery, the 
Cambridge Neuropsychological Test Automated Battery (CANTAB), and the Measurement 
and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) battery,  there 
are restrictions to using experimental assessments of cognitive functioning. First, the focus on 
neuropsychological deficits using standardised tests fail to address how individuals cope in 
daily life (Andrewes et al., 1998), such administration of comprehensive batteries are both 
time consuming and expensive (Hurford, Marder, Keefe, Reise, & Bilder, 2011), the tests 
themselves are often abstract and do not closely resemble or simulate the daily demands an 
individual will face, and finally, they are essentially capturing an individual’s optimal 
functioning in the absence of the many competing priorities and distractions that make up 
daily life. As such any in-depth or well-rounded investigation of cognition should also 
consider more ecologically valid measures which capture people’s functioning out in the real-
world during the course of their day-to-day lives.  
Cognitive failures are conceptualised as minor and relatively common slips in 
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memory, attention, and action occurring over the course of daily activities (Broadbent et al., 
1982). Some examples might include walking into a room and forgetting why you were there 
or suddenly taking a wrong turn on a well-known route home. The key element is that 
cognitive failures occur whilst completing tasks that the individual normally has no trouble 
with, and so they do not reflect an existing deficit but instead are a breakdown in routine 
operations (Carrigan et al., 2017). Theoretically, these errors fall under three groups of 
failures:  
a) attention failures arising from an inability to sustain attention which leads to a 
momentary lapse. Causes may be external stimuli which are distracting (e.g., a loud noise) or 
internal thoughts (e.g., mind wandering);  
b) retrospective memory failures occur when  the needed information (although 
stored) is not able to be retrieved. This includes short term break-downs (e.g., not 
remembering the name of a person you just met), break-downs in autobiographical/personal 
memory (e.g., forgetting your age), or break-downs in semantic memory (e.g., not 
remembering who the Prime Minister of Australia was when same-sex marriage was 
legalised); and  
c) prospective memory failures which occur when someone forgets to carry out an 
intention they had for the future such as carrying out an activity, or attending an event 
(Unsworth et al., 2012). It should be clear at this point that there are many ways in which the 
cognitive system fails and some of these errors can be relatively harmless, but other might 
result in life-threatening/limiting consequences. Their links with real-life functional outcomes 
makes cognitive failures an obvious area for investigation.  
 Everyone experiences cognitive failures, they are normally distributed in the general 
population (Carrigan & Barkus, 2016; Kanai, Dong, Bahrami, & Rees, 2011). Likewise, 
cognitive failures are present in several psychopathologies including depression (Preiss, 
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Kramska, Dockalova, Holubova, & Kucerova, 2010), anxiety disorders (Grisham, Norberg, 
Williams, Certoma, & Kadib, 2010) and post traumatic disorder (Boals & Banks, 2012). 
There is scant research on individuals along the psychosis continuum, and what little does 
exist is mixed. For example Donohoe et al. (2009) found that even in patients with poor 
clinical insights, there was no significant difference in self-reported cognitive failures 
between patients and controls. Meanwhile van den Bosch, Rombouts, and  van Asma's (1993) 
study of patients found a large difference in reported cognitive failures compared to controls. 
Further down the continuum, a recent study demonstrated group differences for cognitive 
slips and fails in those with high compared to low schizotypal traits (Carrigan, Barkus, Ong, 
& Wei, 2017). These studies taken together suggest that cognitive slips and fails may be a 
potential marker for vulnerability and a useful way to capture the real-world functioning 
impairments in those across the psychosis continuum. 
In summary, certain cognitive deficits may not just be a consequence of schizophrenia 
symptoms, or treatments, or even a function of the course of the illness, they are a core 
feature of vulnerability to the disorder (Reichenberg, 2010). It has even been suggested that 
functional outcome and even likelihood of recovery for patients with schizophrenia, is best 
captured by cognitive deficits (Green et al., 2000). It makes sense then, that if we seek to 
investigate factors involved along the psychosis continuum, that we must also seek to identify 
these cognitive deficits earlier. Much of the literature purporting the importance of 
schizotypy lies in the fact that although schizotypy is a risk factor for schizophrenia spectrum 
disorders only a few people with high schizotypy scores transition to frank psychosis. 
Therefore, identifying similarities and differences between those high in schizotypy and 
patients may help identify those in the current healthy population who will be more likely to 
transition.  However, this is not the only reason to turn to schizotypy for investigation. In an 
effort to identify domains of risk, it is equally important to identify areas where those with 
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schizotypy do not mimic the performance deficits of those with schizophrenia, this may allow 




Chapter 4: General thesis aims and hypotheses 
 
4.1 Aims 
The literature and systematic review presented in chapters 1-3 present us with several 
points worthy of investigation. Schizotypy has been linked to stress and cognitive deficits as 
general phenomena, however there is a lack of specificity present in current literature. As 
shown in Chapter 2, stress is a multifaceted construct, so the story is not as simple and 
straight forward as greater schizotypy = more stress or vice versa. Our systematic review 
demonstrated that while trauma is consistently found at all stages of the psychosis continuum, 
the same cannot be said for all stressors. Stresses occurring across the course of the day, life 
events and physiological stress responses have so far presented with mixed results. The 
literature review in Chapter 3 has shown that there are also inconsistencies in the research 
regarding cognitive impairment and schizotypy. Additionally, to date the research does not 
generally consider these three constructs together. Stress has consistently been shown to 
impact thinking, planning and behaviour, and while broad, stress has also been shown to be 
affected in schizotypy. As our ability to engage with the world around us and successfully 
traverse our environment is rooted in cognition, in-depth investigation of factors known to 
impact this, and potentially consider how they may interact seems key.  
 
As such the thesis has the following main aims: 
 1. To investigate the potential effect of schizotypy in the experience of different types 
of stress; 
 2. To consider the effect of schizotypy on both objective and subjective forms of 
cognition; 
 3. To better understand the nature of the relationship between these three constructs. 
This thesis attempts to address these broad aims through the presentation of three empirical 





 Specific hypotheses for each paper included within this thesis are presented within 
their relevant chapter. However, there are a number of broad hypotheses that the body of 
research as a whole seeks to test: 
1) High schizotypes will report stress abnormalities similar to those seen in 
schizophrenia spectrum disorders;  
2) High schizotypes will experience more negative effects of stress on cognitive 
performance; 
3) High schizotypes will experience greater cognitive impairment in daily life.  
To address these hypotheses, the following empirical chapters are presented: 
 
Chapter 5: Stress induced cortisol release and schizotypy  
 Our first chapter will begin our consideration of stress through an investigation of 
physiological stress response following an acute psychosocial stressor. By using a laboratory 
based experimental stressor we will be able to map in real time whether there are differences 
in stress reactivity between high and low schizotypes. 
 
Chapter 6:  Trial-and-error learning: Schizotypy and stress 
This second empirical chapter will maintain the focus on stress however considers 
stress from both an experiential and an experimental perspective. We seek here to holistically 
investigate the experience of naturally occurring stress which may be considered “ambient” 
or ever-present in our day-to-day lives, and also the unexpected acute stress which brings 
about a call to action from the body’s nervous system. Additionally, we now introduce 
objective cognitive performance into the research and consider how the experience of varying 
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types of stress in individuals with high schizotypy might affect/explain performance in 
learning. 
 
Chapter 7: The influence of schizotypy on momentary stress and cognitive slips and failures: 
An experience sampling study  
 Our third and final empirical chapter focuses on moving from lab based and 
retrospective accounts of stress to consider the experience of stress in the flow of everyday 
life. We also examine everyday cognitive capacity in the form of ambulatory assessment of 
cognitive slips and failures. We also seek to examine whether there are temporal effects 
present in the relationship between schizotypy, stress, and cognition. Finally, as this study 
examines schizotypy as a continuous variable, the final study will investigate the nature of 
the relationship between schizotypy, momentary stress and everyday cognitive capacity.  








Chapter 5: Stress induced cortisol release and schizotypy 
 
This chapter has been published: 
Walter EE, Fernandez F, Snelling M, Barkus E. (2018) Stress induced cortisol release and 
schizotypy. Psychoneuroendocrinology, 89, 209-215. doi: 10.1016/j.psyneuen.2018.01.012 
 
5.1 Introduction  
 
Schizophrenia is a severe and debilitating mental health disorder with those suffering 
from this illness often report more traumatic life events than healthy controls (Matheson, 
Shepherd, Pinchbeck, Laurens, & Carr, 2013; Phillips, Francey, Edwards, & McMurray, 
2007). Traumatic life events are environmental factors that threaten wellbeing, requiring a 
homeostatic response from an individual (Chiappelli et al., 2014). Poor adaption to 
environmental events leads to stress (Larzelere & Jones, 2008) which exacerbates symptoms 
at all stages of schizophrenia (Nugent, Chiappelli, Rowland, & Hong, 2015). Epidemiological 
research suggests stress contributes to schizophrenia and psychosis risk through: 1) prenatal 
stress (Walder, Faraone, Glatt, Tsuang, & Seidman, 2014); 2) traumatic life events preceding 
transition (Paolo Fusar-Poli et al., 2013); 3) elevated Hypothalamic-Pituitary-Adrenal-axis 
(HPA) activity in non-medicated patients (Ryan, Sharifi, Condren, & Thakore, 2004); and 4) 
stressful life events preceding relapse (Hussein, Jacoob, & Sharour, 2016). A number of lines 
of inquiry offer a strong argument that stress is “a common mechanism by which a plethora 
of risk factors for psychosis confer their vulnerability, thereby providing a unifying theory for 
several areas of research” [12, p1004]. This suggests that there is now a need to consider 
stress exposures and schizophrenia risk markers in an integrative fashion (Shah & Malla, 
2015). The HPA allows a window into the interaction between stress and other risk factors. 
The HPA is the neurobiological pathway responsible for the production and regulation of 
cortisol, considered the major biological mediator of stress in humans. Studies of patients 
experiencing a first episode of psychosis show HPA hyperactivity (Banki, Bissette, Arato, 
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O’Connor, & Nemeroff, 1987; Cotter & Pariante, 2002; Lammers et al., 1995). This includes 
higher basal cortisol levels compared to controls and a blunted cortisol response to stress 
(Borges, Gayer-Anderson, & Mondelli, 2013). 
Recently research has focussed on understanding the biological mechanisms that 
underlie increased stress reactivity for psychosis risk or along the psychosis continuum 
(Appiah-Kusi et al., 2016; Thompson, Berger, et al., 2007). The psychosis continuum 
represents psychosis vulnerability comprising both clinical and nonclinical individuals. At the 
upper extreme are patients with psychotic disorders, followed by schizotypal personality 
disorder. Whilst lower down, schizotypal trait expression moves from high, through average 
to low in nonclinical populations, with decreasing psychosis vulnerability, psychotic-like 
experiences and impairment (Kwapil & Barrantes-Vidal, 2015; van Os et al., 2009). 
Furthermore, the dimensions of schizotypal traits (Cognitive-Perceptual, Interpersonal and 
Disorganised) are thought to mirror the symptom domains found in schizophrenia (Rossi & 
Daneluzzo, 2002).This dynamic continuum suggests the same aetiological, developmental, 
and phenomenological processes underlie subclinical and clinical psychotic symptomatology, 
with these being separable by quantitative expression rather than the qualitative nature of 
experiences. Thus, it is important to examine the role of stress in schizotypal traits, since it 
can inform us about the aetiological processes involved in psychosis vulnerability. 
Additionally, psychosocial stress in particular has been linked to negative health outcomes 
such as asthma (Wright, Rodriguez, & Cohen, 1998) and cancer (Chida, Hamer, Wardle, & 
Steptoe, 2008), and poorer quality of life  (Seib et al., 2014) making it a target worthy of 
investigation in groups who may be particularly vulnerable or affected. Clinically, 
schizotypal traits are associated with elevated risk of developing psychosis (Chapman, 
Chapman, Kwapil, Eckblad, & Zinser, 1994). Stress, (both from a biological and behavioural 
standpoint) exacerbates psychotic symptoms, and lifetime stress predicts both emergence and 
97 
 
relapse of psychotic symptoms (Smith & Lenzenweger, 2013). Like patients with 
schizophrenia, those with schizotypal personality disorder have blunted cortisol responses to 
an acute metabolic stressor (i.e. 2-deoxyglucose) (Mitropoulou et al., 2004). In addition, 
nonclinical individuals with schizotypal traits have  blunted cortisol response to suppression 
tests (Hori et al., 2011) and enhanced suppression to the dexamethasone suppression test 
(DST) (Schweitzer, Tuckwell, Maguire, & Tiller, 2001). Those with schizotypal traits are a 
suitable target for investigating HPA function because they are free from medication, 
hospitalization, and the psychosocial consequences of psychiatric diagnoses. While the 
above-mentioned tests have proven reliable in the literature for demonstrating different 
biological responses to stress in schizotypy, they do not reflect the types of stress and 
challenge that individuals face in the real world. There are certainly a number of cognitive 
paradigms designed to induce stress during their completion, such as completion of 
increasingly difficult to impossible anagrams, or problem-solving tasks under time pressure 
constraints (Starcke, Wolf, Markowitsch, & Brand, 2008). However, these paradigms also do 
not mirror ecologically valid stress experienced during the flow of everyday life. To 
investigate the effects real world stressors have on individuals with schizotypal traits, an 
ecologically valid approach (and stress target) is required. A stress that individuals will face 
throughout the course of their daily lives is psychosocial stress. One type of stressor which is 
ubiquitous with performance in a work or academic setting is social or performance stress. 
Daily functioning and survival require us to maintain jobs, social relationships, and navigate 
the social world where social evaluation (from co-workers, friends, or perceived superiors) is 
a given. There is a standardised method which has been used in multiple studies with success 
and safety called the Trier Social Stress Test (Kirschbaum et al., 1993). This method also has 
the added level of validity that it reliably activates the HPA axis (Dickerson & Kemeny, 
2004). Therefore, using the TSST paradigm we aim to explore the relationship between 
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schizotypal traits and psychosocial stress induced cortisol release. 
In keeping with the previous literature in patients with schizophrenia, we predict that 
individuals with schizotypal traits will: 1. have a higher baseline cortisol level, 2. experience 
blunted cortisol release following a psychosocial stressor, and 3. even in the presence of 
blunted cortisol response, those with schizotypal traits will display elevated subjective stress 
in response to the experimental stressor. 




Participants were recruited via word of mouth and the Psychology Research 
Participation Scheme of the School of Psychology at the University of Wollongong. 
Participants recruited through the research participation scheme were compensated with 
course credit for their time. The cross-sectional sample numbering 58 (32.76% male) 
included participants aged from to 18-46 years (M=22.43, SD=6.55). All participants were 
screened for potential medical issues that may influence the functioning of the endocrine 
system, which would exclude them from the study, including diabetes, pregnancy, treatment 
for arthritis or multiple sclerosis, epilepsy treated with Phenytoin, and asthma treated with 
Ventolin. No participants met these exclusion criteria on the basis of medical or mental health 
conditions or treatment, nor had significant alcohol or substance use. Females who were 
experiencing natural cycles were tested in the luteal phase (on average in the third week of 





A demographics questionnaire was completed in order to assess a number of 
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potentially confounding factors suggested by the literature (see Kirschbaum & Hellhammer, 
1994) in cortisol studies which include age, gender, smoking, alcohol/substance use. 
5.2.2.2. Schizotypy 
The 74-item Schizotypal Personality Questionnaire (SPQ Raine, 1991) was used to 
assess individual schizotypal traits. Subscale dimensions of cognitive-perceptual, 
disorganisation, and interpersonal dysfunction are assessed using binary responses of “yes” or 
“no”, higher scores indicate endorsement of the personality trait. 
5.2.2.3. Subjective stress 
Subjective distress from the Trier Social Stress Test (TSST) was also measured. 
Participants were asked to rate a number of psychological outcomes on visual analogue scales 
(VAS) shortly before entering the TSST, immediately after TSST completion, and at each 
subsequent cortisol collection following the TSST. A VAS is a 100 mm bipolar line that 
measures a characteristic across a continuum (Aitken, 1969; Bond & Lader, 1974). 
Participants marked a spot on the line resembling their subjective appraisal of 10 mood 
feelings. In line with the circumplex model of mood (Posner, Russell, & Peterson, 2005), 
each mood feeling had an upper and lower anchor (e.g. sad/happy, stressed/relaxed, 
tired/alert). Scores were determined by measuring from the left anchor to the participants’ 
mark using a ruler; higher scores were related to more positive affect and lower stress ratings. 
In the current paper the stress VAS was of interest with the scores on the anchors 
stressed/relaxed used in analyses. 
 
5.2.3. Stress induction (Trier Social Stress Test) 
 
Psychosocial stress reaction can be assessed using non-invasive and easy to perform 
objective physiological stress markers, such as the level of salivary cortisol. Following an 
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acute psychosocial stressor, especially in situations with high ego involvement, low 
predictability, low controllability, and high novelty, the activity of the HPA is expected to 
increase, with a corresponding rise in cortisol levels (Kirschbaum & Hellhammer, 1994). 
Therefore, in the current study we sought to examine whether those with high schizotypal 
traits differed in their cortisol response to a social stress test. The Trier Social Stress Test 
(Kirschbaum et al., 1993) was used to assess participants stress reaction. The TSST has been 
used multiple times to assess stress response and is considered a robust measure for inducing 
moderate psychosocial stress and allowing evaluation of physiological responses (Ciufolini, 
Dazzan, Kempton, Pariante, & Mondelli, 2014; Dickerson & Kemeny, 2004; Petrowski, 
Wintermann, & Siepmann, 2012). Experimental sessions ran between 1.00 pm and 5.00 pm, 
to capitalise on the slow descent of cortisol levels at this time of the day (Smyth et al., 1997), 
allowing changes in salivary cortisol to be observed without the need for extensive 
correction. After arrival, participants completed a small battery of questionnaires in Room A, 
this acted as a physical resting period to ensure that the first cortisol sample would be a true 
baseline. Participants then underwent the TSST in Room B. This involved an anticipation 
period (10min), followed by a test period (10 min) during which, in a 5-minute speech, they 
needed to convince the panel of interviewers they were the best candidates for their ‘dream 
job’. They were also told that their speech would be recorded so that the ‘judges’ could 
analyse their non-verbal communication skills following the task. Immediately following the 
speech, they performed a 5- minute verbal mental arithmetic task all in front of a panel of 
‘judges’. Participants were not permitted to eat, drink, brush their teeth, smoke, or engage in 
physical activity during testing or for 90 min prior to testing. 
 
5.2.4. Stress response (salivary cortisol) 
 
The physiological measures taken during the TSST were saliva samples with 
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Salivettes, which allow the analysis of cortisol levels. Salivary free-cortisol concentration 
was measured using a time-resolved immunoassay with fluorometric detection. We took 
cortisol samples at six time points throughout the testing session. Before stress induction; at 
baseline (T1), and following an anticipation period immediately before stress induction (T2). 
Then after stress induction; (T3: 0min post task), 15mins following the stress induction task 
(T4), 30 mins post induction (T5), and finally 60 mins post induction (T6).  
 
5.2.5. Procedure  
 
The research protocol for this study was approved by the Human Research and Ethics 
Committee of the University of Wollongong, and all participants signed an informed consent 
form on the day of their participation. As part of a larger study investigating the effects of 
experimental stress on the general population, participants individually completed all 
materials in one sitting, with the researcher present. The session lasted ~120mins and each 
participant was tested individually.  
 Upon arrival at the research lab of the university, participants were asked to refrain 
from drinking beverages they had brought with them, eating, brushing their teeth, smoking, 
or exercising for the duration of the 2-h protocol. Water was available to all participants if 
they required a drink. 
 Participants first completed the demographics questionnaires and the SPQ. Other 
questionnaires unrelated to the current study were also completed. A trained research 
assistant was present at all times to assist with filling out the questionnaires if required. 
Before starting with the actual TSST, while at rest, baseline measures were taken at Time 1 
(T1). Immediately after, the participants were told that they would have to deliver a public 
speech in 10 min in a second room. T2 measures (anticipation of the stress) were taken 10 
min later and T3 measures (post-stress) were taken 10 min after T2, immediately after the 
participants completed the TSST. Then, three recovery measures were taken at 15, 30 and 60 
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min post TSST (T4—T6) while subjects sat comfortably for the 60-min recovery period. In 
total, six measures of saliva samples and mood VAS measures were taken for analysis. Once 
the recovery period was completed, participants were debriefed about the nature of the task 
(they were not actually being recorded, nor was their performance being judged by the panel) 
and then compensated for their time. The full protocol for the TSST and running procedure 
can be found in Appendix B.  
 
5.2.6. Data analysis 
 
We compared high and low schizotypal trait groups on descriptive variables such as 
sex, age, smoking habits, and cortisol baseline, using the Pearson χ2 test for categorical 
variables or Student’s t test for continuous variables, as appropriate. Repeated measures 
ANOVAs including the Group x Time interaction were performed to test if the groups have 
different patterns regarding their cortisol response and subjective stress. To assess the 
relationship between schizotypal dimensions and cortisol release, partial correlations were 
performed where baseline cortisol was controlled for. To assess the relationship between 
cortisol response and subjective stress response a bivariate Pearson’s product moment 
correlation (r) was calculated.  
The cortisol response to the stress task was calculated in a number of ways; by 
subtracting the baseline cortisol value (T1) from T4 (Cort4-1), T5 (Cort5-1) and T6 (Cort6-
1), and by calculating each participants’ individual peak cortisol response. The cortisol stress 
reaction is generally reflected at T4 or later, because the HPA responsible for cortisol 
secretion has a slower reaction time that takes 10—15 min to be reflected in saliva 
(Kirschbaum & Hellhammer, 1994). Alpha level for all analyses was set at .05.  
5.3 Results 
 
5.3.1. Data cleaning 
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Two participants chose to withdraw their data from the study. Two outliers were 
found in the low schizotypal trait group, the participants’ cortisol values were at least 2 SD 
above the group mean. Given that these male subjects reported no particular medical issue 
that might impact the HPA, denied drug use, and had average scores on all other measures, 
all data from these participants were dropped from all analyses. Additionally, regarding 
cortisol analysis, 17 participants had to be excluded due to inappropriate sample storage 
causing corrupted samples. This left 39 participants with viable cortisol samples for analysis. 
Excluded participants did not differ significantly on age, sex, cigarette smoking or marital 
status from those included. 
5.3.2. Group comparison on descriptive variables 
 
  After performing a mean split on SPQ1, schizotypy was split into low (23 and below) 
and high (24 and above) schizotypal trait groups. For the full sample, the groups did not 
differ significantly on age, sex or cigarettes per day. However, the high schizotypal traits 
group had significantly higher total SPQ scores (t(55)= 9.498, p<.001) than the low 
schizotypal trait group. When looking specifically at the sub-sample for whom cortisol 
analysis was performed, we see the same significant difference between the high and low 
group t(37) = 6.358***. Additionally, baseline cortisol levels differed, with the high group 
displaying significantly higher baseline cortisol levels (t(37) = -2.065, p= .023), full 
descriptive characteristics of this sample are provided in Table 5.1 
1 This footnote applies to the use of a mean-split for the group comparison in Chapter 5 and Chapter 6. While there are pros and cons to this 
approach, a mean-split is a commonly accepted method of examining group differences in this area. The application of cut offs is not only 
problematic for the results in this study but the field as a whole. Taking the extreme scorers may provide statistically meaningful differentiated 
results but it would not represent the heterogeneity present in the area. The area of schizotypy differs in that some researchers take a continuous 
approach to the analysis using regression, while others take a group approach with either two or three groups. Other groups take an “edging their 
bets” approach and include both continuous and categorical analysis of their research questions. This seems to be increasing the risk for 
inconsistent and difficult to interpret results where a large number of statistical tests are performed to address the same research question. For the 
size of our sample, two groups was considered the best way to allow group comparison, if we had spilt the groups into more extreme groups (with a 
high, low, average) the sample size would have been too small for meaningful comparison. We have noted sample size as an issue in our discussion. 
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Table 5.1  
Descriptive characteristics for participant groups (%, means ± SDs). 
Characteristic  Low schizotypes  
(n = 25) 
High schizotypes  





































































t(55) = 9.498*** 
Cortisol baseline (μg/dL) 3.71 (2.53) 5.18(1.92) t(38) = -2.065* 




5.3.3. Subjective stress responses 
 
Next the VAS responses for stressed/relaxed were examined for changes over the 






5.3.3.1. Main effect of schizotypy on subjective stress 
There was no main effect of schizotypy on reported subjective stress. However, given 
that this was part of the stated hypotheses we examined group differences at each time point. 
There was a trend level difference between high and low schizotypes in their reported 
subjective stress at T4 (t(37)= 1.418, p = .083), with greater subjective stress in the high 
compared to low schizotypal trait group (M= 6.49 SD= 2.55; M=5.49, SD= 1.01 
respectively). 
5.3.3.2. Main effect of time on subjective stress 
A main effect of time on subjective stress was observed with repeated measures 
ANOVA (F (3.895, 144.106) = 26.51, p <.001). In order to breakdown this significant result, 
a series of paired sample t tests were performed. 
When looking at the overall sample, paired samples t-tests revealed there was a 
significant difference in subjective stress between Time 1 and Time 2 (t(56)= -6.77, p<.001) 
where participants reported feeling less stressed at Time 2 (M= 4.2 SD= 2.22) compared to 
Time 1 (M=6.11, SD= 1.81). This allows us to confirm that prior to psychosocial stress 
induction, participants had a chance to overcome any stress felt upon initial entrance to an 
experimental situation. There was also a significant difference in reported stress following the 
stress induction, from Time 3-Time 4 (t(56)= 5.76, p<.001) and Time 4-Time 5  (t(56)=5.27, 
p<.001), where we saw a significant increase in reported subjective stress in the two times 
points following stress induction. The differences in subjective stress between Time 2-Time 
3, and Time 5-Time 6 were non-significant. These results suggest that overall the TSST led to 





5.3.3.3. Schizotypy x time 





 To investigate the effect of schizotypy on cortisol release we performed a repeated 
measures ANOVA 
5.3.4.1. Main effect of schizotypy on cortisol release 
There were no main effects of schizotypy for cortisol release.   
5.3.4.2. Main effect of time on cortisol release 
 There was a main effect of time (F (2.75, 104.44) = 3.978, p = .036) with pairwise 
comparisons showing that mean cortisol levels differed significantly between: T1 and T4 
(M= 4.84, M= 7.44), T2 (M= 5.35) and T4, T3 (M= 5.74) and T4, T4 and T5 (M= 5.60), T4 
and T6 (M=5.48), all significant at p.05 while adjusting for multiple post-hoc comparisons. 
Cortisol levels between T1-T2, T2-T3 and T5-T6 were non-significant. Overall, the patterns 
of these findings suggest that the TSST successfully increased physiological stress arousal. 
5.3.4.3 Schizotypy x time 
There was no significant interaction between schizotypy and cortisol across all levels 
of time. As can be seen from Figure 5.1 the direction of the difference follows expectations 
with those with low schizotypal traits having an overall greater response following stress 
induction than high schizotypal traits. The reason for the test not reaching significance may 






Figure 5.1. Salivary free-floating cortisol at each time point of the study in high and low schizotypal 
trait groups; * p <.05 
 
5.3.5. Magnitude of cortisol release 
 
This analysis investigated whether there was a difference in the magnitude of cortisol 
release between high and low schizotypal groups.  A between-groups difference for cortisol 
release was tested using an independent t-test. Comparing groups on cortisol release increase 
between T1 and T4 (T4-T1) shows that the low group (M= 3.69 nmoL SD= 4.29) exhibit a 
greater increase in cortisol than the high group (M=1.29 nmoL, SD= 5.04): t(37) = 1.802, p = 
0.037. When further comparing the groups on cortisol release increase between T5-T1 
(M=2.24 nmoL, SD= 3.69 ; M=0.36 nmoL, SD= 4.03 respectively), the independent t-test was 
no longer significant (t(37) = 1.498, p = 0.143), suggesting that it is an acute stress response 
we are seeing in relation to the stress induction in the low schizotypal trait group, which 
resolves itself quickly, given the time gap of 15 minutes between T4 and T5 sample 
collection.   
We additionally considered that there may be individual differences in when people 
experience their cortisol peak following stress induction. Therefore, rather than taking the 
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time point 15mins following the stressor as the point of highest cortisol release (accounting 
for delay in release), we determined each participant’s own cortisol release peak following 
stress induction (these being taken at T4, T5, or T6); yielding a variable referred to as 
individual cortisol peak. Taking this approach, an independent samples t-test 
revealed significant differences between the schizotypal trait groups for individual cortisol 
release peak (t(37)= 2.141, p= 0.019). The group differences remain in the same direction but 
are more pronounced with low group showing a greater mean cortisol release peak (in nmoL) 
following stress induction than the high group (M= 5.11 nmoL SD= 5.19; M=2.02 nmoL, 
SD= 3.95 respectively). These results suggest that only those with low schizotypal traits 
display the expected acute cortisol response to psychosocial stress. 
 
5.3.6. Time to cortisol peak 
 
Consistent with section 5.3.5, we also considered whether in addition to a blunted 
cortisol response high schizotypes also experience a delay in cortisol response to stress. 
Initial visual inspection of cortisol response suggested that high and low schizotypal trait 
groups may reach their peak cortisol release at different points in time following the stressor. 
To investigate this potential, we visually examined the cortisol curves in Figure 5.1, a 
possible delay in acute cortisol release seemed likely in the high group when compared to the 
low schizotypal trait group. It appears that the general curves for the two groups are quite 
different, with high schizotypal trait group demonstrating a far shallower curve of change 
(consistent with the overall blunted response demonstrated). The time point at which a 
participant had his or her highest cortisol response was considered to be their ‘peak’ measure. 
We converted each subject’s peak value into the actual minutes of the experiment following 
stress induction, resulting in T3 = 0 min; T4 = 15 min; T5 = 30 min; T6 = 60 min. A 
significant difference between groups was observed using an independent groups t-test (t(37) 
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= 3.099, p= .002, where the mean peak time for low subjects following stress induction was 
at 9.71 mins (SD = 9.10 mins), and for the high at 24.55 mins following stress induction 
(SD= 19.93 mins). We also noted a difference in the range of response times between the two 
groups. In the low schizotypal traits groups, people ranged between immediately flowing the 
stressor to 30 mins post TSST. In contrast, the high schizotypal traits group ranged from 




In regard to the whole sample, there was no significant correlation between subjective 
stress and cortisol release across the 6 timepoints of the study. At a within group level, we 
then correlated cortisol release with subjective stress for high and low schizotypes at the 6 
timepoints of the study. The results are reported in Table 5.2. After adjusting for multiple 
comparisons, there was a negative correlation between subjective stress and cortisol release at 
Time 3 (immediately following stressor) in low trait schizotypes only, suggesting greater 
cortisol release was associated with lower subjective stress in this group.   
Additionally, we correlated cortisol release with the three dimensions of schizotypy 
while controlling for baseline cortisol level with results shown in Table 5.3. Overall, there 
was a negative correlation between the cognitive-perceptual dimension and cortisol release at 




Correlation coefficients for within-group subjective stress reports and cortisol release across time 
Variables 
 
1 2 3 4 5 6 7 8 9 10 11 12 
1.   Subjective stress Time 1  .208 .467 .629 .767 .582 .084 .426* .459* .249 .296 .170 
2.   Subjective stress Time 2 .231  .482 .407 .341 .292 .267 .204 .276 .222 .267 .126 
3.   Subjective stress Time 3 .046 .060  .733 .694 .557 .025 -.161 .057 -.084 .003 -.139 
4.   Subjective stress Time 4 .045 .240 .291  .818 .592 -.232 -.066 .079 .024 .063 -.034 
5.   Subjective stress Time 5 .636 .358 .287 .423  .804 -.136 .184 .254 .097 .289 .166 
6.   Subjective stress Time 6 .743 .245 .080 .249 .790  -.211 .048 .165 -.069 .135 .088 
7.   Cortisol Time 1 .154 .122 -.394 .199 .098 .334  .65 .642 .382 .346 .340 
8.   Cortisol Time 2 .020 -.240 -.503* .055 -.016 .176 .802  .776 .623 .614 .583 
9.   Cortisol Time 3 -.104 -.245 -.607** -.087 -.202 -.133 .648 .879  .756 .601 .573 
10. Cortisol Time 4 -.195 -.045 -.665** -.179 -.225 -.122 .558 .815 .876  .812 .721 
11. Cortisol Time 5 -.025 -.127 -.600** -.025 -.059 -.006 .604 .871 .903 .902  .925 
12. Cortisol Time 6 -.144 -.069 -.642** -.129 -.182 -.178 .523 .737 .928 .888 .881  





Correlation coefficients for schizotypal dimensions and cortisol release across time: Partial correlations (controlling for baseline cortisol) 
Dimensions 
 
Cortisol Time 2 Cortisol Time 3 Cortisol Time 4 Cortisol Time 5 Cortisol Time 6 
Cognitive-perceptual (CP) -.236 -.294* -.083 -.059 -.152 
Interpersonal (I) -.309* -.433** -.221 -.098 -.127 
Disorganised (D) -.104 -.143 .095 .181 .032 






5.4 Discussion  
 
The aim of this study was to determine how patterns of cortisol response differ 
between high and low schizotypes after a social stressor. The design of this study also took 
into consideration possible confounding variables, such as smoking, age, and sex.  
As expected, individuals with high schizotypy demonstrated a blunted response to the 
experimental stressor when compared to low schizotypy. The larger ANOVA did not reveal a 
significant interaction between schizotypy group and time; however, this may have been due 
to the relatively small sample size. Although the interaction was not significant in the main 
ANOVA, subsequent analysis revealed that high schizotypes had both a delayed and blunted 
cortisol peak following a stressor. These results mimic the blunted response observed in 
patients with schizophrenia (Brenner et al., 2009), though in an attenuated form. The reason 
for blunted cortisol response to stress is not fully understood. Animal studies have 
demonstrated that genetic or early developmental factors like prenatal coping, maternal 
deprivation or maternal care, can determine the HPA responses to stress in adult life (Fride, 
Dan, Feldon, Halevy, & Weinstock, 1986; Jansen et al., 1998; Weinstock, Matlina, Maor, 
Rosen, & McEwen, 1992). Similarly these factors are reported to play a role in risk for 
psychosis (Harder, 2014; Jones, Rodgers, Murray, & Marmot, 1994; Ponizovsky, 
Nechamkin, & Rosca, 2007), therefore additional research is needed taking developmental 
and family factors into account when considering cortisol release in schizotypes.  The blunted 
cortisol release may limit the ability of individuals with high schizotypy to physiologically 
adapt to stressful events, ensuring they are more susceptible to progressing to clinical 
thresholds under stressful circumstances. Alternatively, perhaps the blunted physiological 
response observed exemplifies the fact that the stress system in high schizotypes is already 
taxed and thus thwarted in responding adaptively to additional stress. 
113 
 
The consequences of a poor physiological response to stress require further 
investigation. We know that in the general population there is a direct link between stress and 
cardiovascular disease (Dimsdale, 2008). Patients with schizophrenia report both increased 
stress (Nugent et al., 2015) and high cardiovascular risk (Cohn et al., 2004). Intuitively, in 
disorders where there appears to be a hypersensitivity in the parasympathetic nervous system, 
such as depression and anxiety, the associations with poor cardiovascular outcomes make 
sense. Elevated cortisol release primes biological systems for a threat which is not present 
and then needs to dissipate the high level of arousal (Brotman, Golden, & Wittstein, 2007). 
However, in schizophrenia we see a blunted cortisol response to stress. This may be because 
the sympathetic nervous system is consistently overactivated, supported by the increased 
morning cortisol levels seen in patients with schizophrenia (Girshkin, Matheson, Shepherd, & 
Green, 2014) and the higher baseline rates reported in the current study. This may mean that 
an already overly primed parasympathetic nervous system is unable to respond appropriately 
to stressors. The more chronic form of cortisol hyperarousal seen in patients with 
schizophrenia may wear on the cardiovascular systems in a more insidious, rather than acute 
manner seen in depression and anxiety, leading to poor cardiovascular outcomes. Clearly this 
is speculation at this point and requires further investigation but could help to address how a 
disorder such as schizophrenia, which is associated with blunted cortisol response following 
stress, could be associated with poor cardiovascular health.  
Finally, it is important to recognize the limits of this study. First, the sample size may 
have limited our ability to show significant differences in some tests, some ‘‘trend’’ results 
may reflect that the study is underpowered. However, our sample size was comparable with 
(and in some cases greater than) other studies examining cortisol release (Brenner et al., 
2009; Jansen et al., 1998; Lammers et al., 1995). We recognise it is likely that the magnitude 
of cortisol release abnormalities will be larger in patients compared to high schizotypes, 
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broadly speaking our findings were consistent with those yielded in patients with 
schizophrenia. It should also be noted that previous research has demonstrated that sex 
differences are present in schizophrenia patients regarding cortisol release following mental 
challenge (Steen et al., 2011). However, given that our study had an even sex ratio between 
the two schizotypy groups, it is not expected that sex differences would unduly influence one 
group over the other.  
5.5 Conclusions  
 
We found that high schizotypes displayed a blunted cortisol response following a 
social stressor. Not only did the high schizotypes display reduced magnitude of cortisol 
release but they were also delayed in the time they took to reach their cortisol peak following 
a stressor. Future research should seek to consolidate the findings of the current study by 
addressing the potential power issues inherent to the relatively small sample size. The authors 
suggest that future research should seek to account for the potential of a delayed cortisol 
response in high schizotypes using longer time-points for cortisol data collection following a 
stressor, and further investigation into the mechanisms behind the differential cortisol 




Chapter 6: Trial-and-error learning: Schizotypy and stress 
This paper is under submission: 
Walter, EE, Fernandez F and Barkus, E. Trial and Error Learning: Schizotypy and Stress. 
Quarterly Journal of Experimental Psychology. 
6.1 Introduction 
 
Psychosis can bring about fear and confusion, presenting with varied, complex and 
often distressing symptoms (Mccarthy-Jones, Marriott, Knowles, Rowse, & Thompson, 
2013). It exists on a continuum from severe clinical disorders, such as schizophrenia and 
enduring maladaptive personality types such as schizotypal personality disorder, through to 
non-clinical expression of attenuated symptoms seen in the general population. Schizotypy is 
a term used to refer to a set of personality traits present in the general population (Badcock, 
Barkus, Cohen, Bucks, & Badcock, 2016) which encompass unusual beliefs, perceptual 
experiences, social anhedonia, and speech patterns or behaviours that are odd or unusual. 
Growing evidence has demonstrated that schizotypal traits mimic those found in clinical 
psychosis, representing a vulnerability to psychosis, and at high levels are genetically related 
to schizophrenia (Barrantes-Vidal, Chun, Myin-Germeys, & Kwapil, 2013; Henry et al., 
2009). This evidence makes schizotypy a potentially valid risk marker for psychosis risk in 
the general population (Badcock, Clark, Pedruzzi, Morgan, & Jablensky, 2015).  
Schizophrenia spectrum disorders affect approximately 24 million people worldwide 
(World Health Organisation, 2001) and are currently considered to be one of the most 
debilitating and costly mental illnesses globally (Correll, Hauser, Auther, & Cornblatt, 2010). 
As a result, research into psychosis has focused on identifying risk markers involved in the 
transition to frank psychosis. One factor which is known to increase the risk of transition and 
elevate risk is stress (Aiello et al., 2012; Labad et al., 2015). Our lives day-to-day are laden 
with emotionally affective experiences, which can range from minor hassles, such as missing 
the bus, to major life events, such as losing a loved one. Together such potential threats to our 
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bodily homeostasis are referred to as ‘stress’ (McEwen, 2016). Stressful events (‘stressors’) 
can be both external and internal in origin, and of a physical or psychological nature (Joëls, 
Pu, Wiegert, Oitzl, & Krugers, 2006). Given that stress has psychological, physiological, and 
cognitive implications for individuals, it is of particular concern to those along the psychosis 
continuum, who already experience deficits in these areas. 
Stress also adversely affects those with schizotypal traits in the general population 
(Irwin, 2018). However, the evidence is more mixed for the reporting of cognitive deficits in 
schizotypy, in the absence of stress (Aghvinian & Sergi, 2018; García-Montes, Noguera, 
Álvarez, Ruiz, & Cimadevilla Redondo, 2014; Smith & Lenzenweger, 2013).  As cognitive 
deficits have been identified as a core feature of schizophrenia (Stuchlik & Sumiyoshi, 2014), 
identifying cognitive domains and functions that remain predominantly intact in individuals 
with schizotypy, presents an important step forward for understanding how risk factors for 
psychosis operate prior to transition to frank psychosis. 
A number of studies indicate that spatial working memory (Hazlett et al., 2014; Park 
& Holzman, 1992) and reinforcement learning (Morris et al., 2008; Premkumar et al., 2008; 
Waltz et al., 2007) are impaired along the psychosis continuum. Working memory itself is a 
limited capacity system of temporary stores, which preserve information while at the same 
time processing other information and controlling attention (Swanson, 2017). This 
simultaneous processing is essential for a variety of tasks, such as language comprehension, 
problem-solving (Carretti, Borella, Zavagnin, & De Beni, 2013; Chuderski & Jastrzebski, 
2018), and, visuo-spatial mental representations (De Beni, Pazzaglia, Gyselinck, & 
Meneghetti, 2005; Meneghetti, Pazzaglia, & De Beni, 2011). The ability to create visuo-
spatial mental representations of the world around us supports creative thinking, deductive 
reasoning, planning future actions, and learning; which are all important for daily functioning 
(Logie, 2014). The ability to learn feedback through reinforcement to optimise our behaviour, 
117 
 
is also key for daily functioning. Reinforcement learning capacity must therefore be regarded 
as essential to quality of life, and factors that impact reinforcement learning should be of 
research interest. 
While the links between schizophrenia, schizotypy and increased stress are well 
documented (e.g Li et al., 2015; Mizrahi, 2015; Tessner, Mittal, & Walker, 2011), a 
consistent limitation of previous research is that it tends to only consider one type of stress. 
Studies have only focussed on a single category of stress e.g. trauma (Li et al., 2015), life 
events/daily hassles (Tessner et al., 2011), psychosocial stress (e.g. school/job; Cullen, Day, 
Roberts, Pariante, & Laurens, 2015), experimentally induced stress (e.g. cold pressor test; 
Rubio et al., 2015), or biological stress (Walker et al., 2010). Here we will consider how 
multiple types of stress and schizotypy are linked or can explain spatial trial-and-error 
learning. Given that stresses are heterogenous and complex, it is likely that differential stress 
effects on learning could be detectable. Additionally, previous research has investigated the 
link between schizotypy and stress, stress and learning, and to a lesser extent schizotypy and 
learning, however examining all three commonly co-occurring factors together is relatively 
novel. The aim of the present study was to investigate the extent to which schizotypal 
personality traits influence spatial learning in the context of different forms of stress in 
healthy young adults. Here we report the results of two studies conducted to investigate the 
link that schizotypy has on learning in the presence of different types of stress. Each study 
had a guiding research question within this broader aim. Across both studies, we 
hypothesised that high schizotypes would demonstrate poorer spatial trial-and-error learning 
when compared to low schizotypes. In Study 1, we hypothesised that everyday naturalistic 
stressors, would explain high compared to low schizotype differences in performance on 
trial-and-error learning. While in Study 2, we hypothesised that an acute psychosocial stress 




6.2 Study 1 
 
As a first step, we sought to explore whether naturalistic stressors, occurring in the 
daily lives of individuals, are sufficient to explain differences in performance between high 
and low schizotypes on a trial and error task. Previous research suggests that those on the 
psychosis continuum experience more life events and hassles  (Cullen, Fisher, et al., 2014; 
Mondelli et al., 2010; Moskow et al., 2016), though they have not been measured in high 
schizotypes specifically so far, therefore it is possible that this heightened level of stress 
explains differences in learning attributable to the expression of schizotypy.  Specifically, we 
were guided by the question does naturally occurring stress account for differences in trial-





Participants were recruited via word of mouth from the South-coast region of NSW 
and the Psychology Research Participation Scheme of the School of Psychology, University 
of Wollongong. To be included in the study, participants were required to be aged 18-65, 
have sufficient command of the English language, have no history of head trauma (with loss 
of consciousness) or presence of a central neurological disorder, and have no current 
diagnosis of a psychiatric disorder or currently using psychotropic medication. Our sample 
consisted of 70 healthy adults (31.43% male) aged 18-59 years (M = 22.67, SD = 6.15). Full 







 A demographics questionnaire was completed in order to assess potentially 
confounding factors suggested by the literature and to assess the exclusion criteria outlined 
above.  
6.3.2.2 Schizotypy 
Assessment of sub-clinical schizotypal traits was conducted using the Schizotypal 
Personality Questionnaire (SPQ; Raine, 1991). The SPQ is a 74-item self-report scale that 
provides a measure of schizotypal traits based on the DSM-III-R diagnostic criteria for 
Schizotypal Personality Disorder. While subscale scores are possible, total schizotypy score 
was of interest in the present paper. Items on the SPQ are scored with one point if participants 
answer yes and zero points if they answer no, with the highest score possible being 74. The 
initial study by Raine, (1991) reported high internal and test-retest reliabilities at 0.91 and 
0.82 respectively.  Cronbach’s alpha for the present study was also high at .92. 
6.3.2.3 Spatial trial-and-error learning 
To assess trial-and-error reinforcement learning we used a trial-and-error learning task 
using spatial stimuli with reinforcement. This task was originally used by Mehta, Hinton, 
Montgomery, Bantick, and Grasby, (2005), and more recently, has been used to investigate 
neurocognition and psychotic-like experiences (Barkus, Morrison, Di Forti, & Murray, 2016). 
For each trial of the spatial task, participants saw two small white squares on a black screen 
and each trial displayed the squares in different locations relative to one another. These two 
squares would move location for each trial.  At the beginning of the test, participants had to 
guess, whether the stimuli presented were a pair or non-pair and indicated their decision by 
pressing the keyboard. After each response, the computer displayed the correct answer 
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(‘PAIR’ or ‘NOT PAIR’), in green writing if the response given by the participant was 
correct, or in red if the response was incorrect. There were six ‘pairs’ to learn and six ‘non-
pairs’ in the task. Each pair was presented randomly a total of 10 times, so there was an 
opportunity to learn to distinguish the pairs from non-pairs. The feedback provided was 
always contingent on participants’ responses. Thus, there were 120 trials in total. The 
outcome measure of interest was percentage of correct responses. 
There were four versions of the spatial task. Versions of the task were randomised and 
counter-balanced across participants to ensure that effects were not due to one task being 
more difficult than others. The task was presented on a Dell Latitude E6410 personal 
computer. Participants sat at a comfortable distance from the computer. 
6.2.3.4 Naturalistic stress 
To assess a broad range of naturally occurring stressors we focused on three common 
forms of stress: life events, daily hassles, and chronic stress in the form of perceived stress.  
Life Events: The number of life events experienced in the week prior to assessment 
were measured using the Life Events Scale (LES; Holmes & Rahe, 1967). This scale captured 
any major life events within the last week, which may have had an impact on their ambient 
stress levels.  Life events are significant occurrences for example moving-house, or loss of a 
loved one. In addition to recording the occurrence of a life event the LES also captured the 
subjective distress experienced as a result of that event using a 5-point Likert Scale. The scale 
has shown strong internal consistencies with Cronbach’s alpha above .90 (Holmes & Rahe, 
1967).  
Daily Hassles: Contrastingly, daily hassles are smaller events that occur more often  
than life events in the course of daily life and are thought to have minor impact on the 
individual’s life. Examples of hassles are misplacing keys, missing the bus, and inclement  
weather. The Daily Hassles and Uplifts Scale (DHUS; DeLongis et al., 1988) captured the 
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number of hassles that people encounter every day. For the current study, only the hassles 
will be reported here.  
Ambient Stress: Finally in order to assess whether chronic stress levels were 
responsible for any observed deficits in cognitive performance, the 10-item Perceived Stress 
Scale (PSS-10; Cohen et al., 1983) was used. The PSS measures to what degree people view 
the events in their lives as unpredictable, uncontrollable, or overloading. The PSS is sensitive 
to chronic stress levels that are generated by continual life circumstances and expectant stress 





Participants were comfortably seated with the laptop placed on a desk surface 
approximately 20cms from the edge of the desk. Participants first completed the 
demographics questionnaire in which general information regarding age, sex, ethnicity, drug 
and alcohol use, caffeine intake, psychological and medical history, smoking preferences and 
factors that may affect cognitive performance (e.g. sleep problems and learning disabilities) 
were recorded. Once the demographics of the participant were captured and exclusion criteria 
was checked, trait scales were administered including the SPQ and state scales including the 
DHUS, LES and PSS. Once the scales had all been completed, participants were presented 
with the spatial trial-and-error learning task. This study received approval from the 
University of Wollongong, Human Research Ethics Committee. 
 
6.3.4 Statistical analyses 
 
All statistical analyses were performed using Statistical Package for Social Sciences 
(SPSS) version 21. For missing data points, we used sample mean value replacement. To 
limit the number of tests performed and thus the chances of a Type II error, the minimum 
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number of analyses was used. Alpha level for all analyses was set at .05, estimated marginal 
means and standard errors are reported.  
We compared high and low schizotypal trait groups on descriptive variables such as 
sex, age, smoking habits, and employment using the Pearson χ2 test for categorical variables 
or Student’s t test for continuous variables, as appropriate. We then moved on to the group 
comparison of the various stress variables. We used independent groups t-tests to assess the 
relationship between schizotypy (IV) and daily hassles, life events, subjective distress 
following life events, and perceived stress each as dependent variables. 
Following group comparisons, we then began our main set of analyses using a Group 
x Task x Stimuli repeated measures ANOVA. There were two within subject variables of 
interest: five levels of Task block (to investigate learning) and two levels of Stimuli type (pair 
or non-pair) and schizotypy Group was the between subjects variable. Once the initial model 
had been run to determine effects of schizotypy group, stress variables which were 
significantly different were entered into the model as covariates and the model was rerun to 
determine whether there were any changes in statistical outcomes once stress was accounted 
for. Where relevant, independent and paired samples t-tests were used post-hoc to determine 
where significant differences lay. For any violations of sphericity, Greenhouse-Geisser 
corrected F-values and degrees of freedom were used. 
Finally, bivariate Pearson’s product moment correlations (r) assessed the relationship 
between significant stress variables from the group comparison and learning at each Block of 
the task within schizotypy group to assess whether a relationship was present between stress 
and learning in general. 
6.4 Results 
 
Descriptive and group comparison statistics can either be found in Table 6.1 or in text 
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for more complex analysis. 
 
6.4.1 Group comparison on descriptive variables 
 
To assign participants to either a high or low schizotypal traits group, a mean split of 
total SPQ was used. Those with mean (21) and below were allocated to the low schizotypal 
traits group and those above the mean were allocated to the high schizotypal traits group; 





Table 6.1  
Descriptive characteristics for participant groups for study one (%, means ± SDs). 
Characteristic Low 
schizotypes 
(n = 44) 
High schizotypes 






































































t(68) = 10.966*** 
Stress questionnaires 
Perceived social stress 
Life events 














t(62) = 2.24* 
ns 
t(38.989) = 3.21** 




6.4.2 Group comparison of stress variables 
 
 Independent samples t-test showed that those in the high schizotypal trait group 
reported more daily hassles (t(38.989) = 3.21, p =.003) and life events (t(62)= 2.24, p =.014) 
than the low schizotypal traits group. There were no significant differences between high and 
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low schizotypes for either life event distress (t(62) = 1.65, p =.051) or perceived stress (t(68) 
= -1.096, p = .277). 
6.4.3 Trial-and-error learning 
6.4.3.1 Main effect of task 
 There was a significant effect of the task, with participants improving in accuracy 
over the course of the five task blocks (Block1: 0.537(0.010); Block2: 0.519(0.009); Block 3: 
0.572(0.013); Block4: 0.596(0.013); Block5: 0.642(0.015); F(3.378, 229.678) = 20.037, p 
<.001).  
Paired samples t-test showed that performance was significantly improved (indicating 
learning) from Block1 – Block3 (t(69) = 2.133, p =.018), Block1 - Block4 (t(69) = 3.561, p 
<.001), Block1 - Block5 (t(69) = 6.027, p <.001), Block2 – Block3 (t(69) = 4.125, p <.001), 
Block2 – Block4 (t(69) = 6.968, p <.001), Block2 - Block5 (t(69) = 7.968,  p<.001), Block3 – 
Block5 (t(69) = 5.145, p <.001), and Block4 – Block5 (t(69) = 3.341, p <.001). Therefore, 
participants as a whole learned over the course of the task. 
6.4.3.2 Main effect of stimuli 
A significant main effect of stimuli was present where overall, participants learned to 
correctly identify the pairs (.635 (0.011)) better than non-pairs (.511 (0.012); F(1,68) = 4.332, 
p = .021).  
6.4.3.3 Main effect of schizotypy 
There was no main effect of schizotypy group on performance F(3.4, 204.014) = .233, 
p =.895. 
6.4.3.4 Stimuli x schizotypy 
There was no stimuli x schizotypy group interaction F(1,60) =.600, p =.442. 
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6.4.3.5 Stimuli x task 
A significant interaction between stimuli and task was found (F(4, 272) = 7.865, p 
<.001). While learning occurred in both stimuli conditions, the rate of learning for non-pairs 
(Block1: .459(.017); Block2: .444(.014); Block3: .488(.018); Block4: .537(.020); Block5: 
.627(.021)) appears to be greater and more consistent than the pairs (Block1: .616(.015); 
Block2: .593(.014); Block3: .656(.020); Block4: .655(.015); Block5: .656(.018)). This was 
supported by paired samples t-tests which demonstrated that from trial to trial, accuracy 
improved significantly for pairs, only between Block2 and Block3 (t(69) = 2.813, p = .003), 
whereas accuracy improved significantly in the non-pairs condition between Block2 and 
Block3 (t(69) = 2.699, p = .005), Block3 and Block4 (t(69) = 2.462, p = .008), and Block4 
and Block5 (t(69) = 4.260, p < .001). In addition, the difference in learning between Block1 
and Block5 was greater overall in non-pairs t(69) = 2.036, p = .023, than pairs t(69) = 7.564, 
p <.001. 
When investigating this interaction from a pairs vs non-pairs perspective, paired 
samples t-tests demonstrate a significant difference in performance at Block1 (t(69) = 6.544, 
p <.001), Block2 (t(69) = 7.190, p <.001), Block3 (t(69) = 6.096, p <.001),  and Block4 
(t(69) = 4.893, p <.001) where pairs were consistently more accurately identified than the 
non-pairs. Taken together these results suggest that while performance is consistently better 
on the pairs condition, more learning occurs across the task for the non-pairs condition. 
6.4.3.6 Stimuli x task x schizotypy 
There was no significant interaction between stimuli and task across schizotypy 
groups F(4,272) = 1.325,  p=.261. 
 
6.4.4 Addition of stress covariates 
 
 As daily hassles and life events were the only variables to have significant group 
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differences, they were the only covariates entered into the model. Upon the addition of the 
covariates, all previously significant effects remained (although are lessened). Therefore, 
daily hassles and life events could not explain the task effects reported above. In addition, we 
determined whether there was a significant association between daily hassles, life events, and 
learning in general however there were no significant correlations for total % correct, or % 
for pairs or non-pairs.  
In sum, although the expected task effects were present, there were no significant 
differences in trial and error performance between high and low schizotypes; in addition, 
including daily hassles and life events as covariates did not alter the significance of the 
analyses performed. 
6.5 Study 2 
 
In Study 1 high schizotypes did report more life events and daily hassles. However, 
contrary to our hypothesis high and low schizotypes did not differ in their trial and error 
spatial learning in Study 1 and the inclusion of life events and daily hassles as covariates did 
not alter the significance of the model. Therefore, our second study sought to investigate 
whether more intense and acute experiences of psychosocial stress would be associated with 
decrements in a system that seems robust against the ambient “noise” of daily life. 
Specifically, we investigated the research question does experimentally induced psychosocial 





For Study 2 we recruited 57 participants (32.76% male) using the same methods as 
Study 1. Participants were aged from 18-46 years (M = 22.43, SD = 6.55) and were recruited 
128 
 
as part of a larger study investigating the effects of experimentally induced stress on acute 
cortisol response and cognitive outcomes. Our cortisol results are reported elsewhere (Walter 
et al., 2018). In addition to the inclusion criteria of Study 1, participants were excluded if they 
had an endocrine disorder or were taking any medication which would alter cortisol release. 
6.6.2 Measures 
The SPQ and the trial-and-error task from Study 1 were also used in the second study. 
Internal consistency for the SPQ was again high with Cronbach’s alpha at .94. As participants 
completed the trial-and-error task twice as part of this paradigm, to avoid practice effects 
from using the same materials, participants received a different version of the task each time 
they completed it. 
6.6.2.1 Experimentally induced stress 
The Trier Social Stress Test (TSST) (Kirschbaum et al., 1993) was used to induce 
psychosocial stress. The TSST is a robust measure for inducing moderate psychosocial stress 
(Ciufolini et al., 2014; Dickerson & Kemeny, 2004; Petrowski et al., 2012). Experimental 
sessions ran between 1.00 and 5.00 pm, after arrival participants completed questionnaires in 
Room A, this acted as a baseline resting period. Participants then underwent the TSST in 
Room B, which involved an anticipation period (10min), followed by a test period (10 min). 
During the test period participants were required to give a 5-minute speech designed to 
convince a panel of neutral interviewers that they were the best candidate for their ‘dream 
job’. They were also told that their speech would be audio and video recorded so that the 
judges could analyse their non-verbal communication skills following the task. A video 
camera was placed in the room but it was not switched on, although participants were not 
aware of this. Immediately following the speech, participants were asked to complete a 5- 
minute verbal mental arithmetic task in front of the panel. The full TSST protocol and 






As part of a larger study investigating the effects of experimental stress on the general 
population, participants completed all materials in one sitting, with the researcher present at 
all times. The session lasted ~120mins and each participant was tested individually. After 
gaining written consent, participants first completed the demographics questionnaires, and 
then they completed the SPQ. Participants then completed the pre-stress trial-and–error 
task.  Following this, they were immediately presented with the stress induction task (TSST), 
before completing the post-stress trial-and-error task. We then debriefed participants about 
the nature of the study and compensated them for their time. As with Study 1, ethical 
approval was provided by the University of Wollongong Human Research and Ethics 
Committee. 
6.6.4 Statistical analyses 
 
 
All statistical analyses were performed using Statistical Package for Social Sciences 
(SPSS) version 21. For missing data points, we again used sample mean value replacement. 
The minimum number of analyses were used to limit the chances of a Type II error and we 
set our alpha level for all analyses at .05, we also report estimated marginal means and 
standard errors.  
As with Study 1, we began with our group comparison of descriptive variables by 
taking our high and low schizotypal trait groups and comparing them sex, age, smoking 
habits, and employment, using the Pearson χ2 test for categorical variables or Student’s t test 
for continuous variables, as appropriate.  
We then moved on to our main analyses for Study 2 which involved a 5x2x2x2 
repeated measures ANOVA. There were three within subject variables: five levels of task 
block (to investigate learning), two levels of stimuli type (pair or non-pair), and two levels of 
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stress induction (pre and post). The two schizotype groups formed the between subjects 
variable. Independent and paired samples t-tests were used post-hoc to investigate any 
significant main effects. For any violations of sphericity, Greenhouse-Geisser corrected F-
values and degrees of freedom were used. 
6.7 Results 
 
6.7.1 Group comparison on descriptive variables 
 
Consistent with Study 1, we separated our groups by using a mean split, creating low 
(23 and below) and high (24 and above) schizotypal trait groups. The groups did not differ 
significantly on any demographic variables. Once again, there was a significant difference in 
SPQ scores between the groups where the high schizotypal traits group scored higher  than 




















Table 6.2  
Descriptive characteristics for participant groups of study two (%, means ± SDs). 
Characteristic Low schizotypes 
(n = 24) 
High schizotypes 





































































t(55) = 11.104*** 
Note: *p<.05, **p<.01, ***p<.001 
 
6.7.2 Trial-and-error learning 
6.7.2.1 Main effect of task 
There was a significant effect of the task, with participants learning over the course of 
the five task blocks (Block1: .517(0.010); Block2: .574(.015); Block 3: .618(.019); Block4: 
.647(.017); Block5: .644(.019); F(3.094,163.998) = 32.605, p <.001).  
Paired samples t-test showed that performance was significantly improved (indicating 
learning) from Block1 – Block2 (t(54) = 4.121, p <.001), Block1 – Block3 (t(54)=6.020, 
p<.001), Block1 - Block4 (t(54)= 9.154, p <.001), Block1 - Block5 (t(54) = 7.293, p<.001), 
Block2 – Block3 (t(54) = 3.749, p <.001), Block2 – Block4 (t(54)= 6.415, p <.001), Block2 - 
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Block5 (t(54) = 4.527,  p <.001), and Block3 – Block4 (t(54) = 2.547, p =.007). Results 
indicate that participants learned over the course of the task. 
6.7.2.2 Main effect of stress induction 
There was no main effect of stress induction on performance on the trial-and-error 
task F(1,163.988) = .472, p = .495). 
6.7.2.3 Main effect of stimuli 
A significant main effect of stimuli was present where overall, participants learnt to 
correctly identify the pairs (.651 (.016)) better than non-pairs (.549 (.017); F(1,53) = 29.057, 
p <.001).  
6.7.2.4 Main effect of schizotypy 
There was no main effect of schizotypy group on performance F(1,53) = .406, p = 
.527. 
6.7.2.5 Task x schizotypy 
As shown in Figure 6.1, a significant interaction between task and schizotypy was 
found where accuracy for participants in the low schizotypy group was better than the high 
schizotypy group (F(3.094,163.998) = 2.596, p = .027).  
To investigate this, we computed new variables (the aggregate of pre and post stress 
performance at each Block) in order to be able to asses task effects as a whole. Post-hoc tests 
revealed that between groups, low schizotypes performed significantly better than the high 
schizotypes in Block5 only (t(53) = 1.930, p =.026). This suggests that overall the low 
schizotypes learned more over time. 
We then looked at within group differences. Using paired samples t-tests there were 
significant within group differences for the low schizotypes where performance improved 
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between Block1 – Block2 (t(22) = 3.360, p =.001), Block1 – Block3 (t(22) = 4.878, p <.001), 
Block1 - Block4 (t(22) = 6.122, p <.001), Block1 - Block5 (t(22) = 7.269, p <.001), Block2 – 
Block3 (t(22) = 3.062, p =.002), Block2 – Block4 (t(22)= 4.160, p <.001), Block2 - Block5 
(t(22) = 5.750, p <.001), and Block3 – Block5(t(22) = 2.44, p =.012). 
There were also within group differences for the high schizotypes, where performance 
improved between Block1 – Block2 (t(31) = 2.550, p =.008), ), Block1 – Block3 (t(31) = 
3.833, p <.001), Block1 - Block4 (t(31) = 6.915, p <.001), Block1 - Block5 (t(31) = 4.055, p 
<.001), Block2 – Block3 (t(31) = 2.309, p =.014), Block2 – Block4 (t(31) = 4.999,  p<.001), 
Block2 - Block5 (t(31) = 1.885, p =.034), and Block3 – Block4 (t(31) = 2.162, p =.017. 
Contrastingly, performance worsened between Block4 – Block5 (t(31) = -2.130, p =.020). 
 
 
Figure 6.1 Interaction between SPQ and total task performance across task blocks with 
estimated marginal means and standard errors 
6.7.2.6 Stimuli x schizotypy 




6.7.2.7 Induction x schizotypy 
The interaction between stress induction and schizotypy group was non-significant 
F(1,53) = .472, p = .460. 
6.7.2.8 Stimuli x task 
As shown in Figure 6.2, a significant interaction between stimuli and task was found 
F(3.060, 162.160) = 9.894, p <.001. Similar to Study 1, while learning occurred in both 
stimuli conditions, the rate of learning for non-pairs was greater and more consistent than the 
pairs. Using an aggregated average for pairs and non-pairs, we conducted paired sample t-
tests to follow up on a trial to trial basis. We observed that for pairs there was a significant 
improvement in accuracy only from Block3 - Block4 (t(54) = 1.969, p =.027). The pattern for 
non-pairs shows an overall steep improvement in learning with significant differences in 
accuracy seen between Block1 – Block2 (t(54)= 5.357, p<.001), Block2 – Block3 (t(54) = 
3.563, p =.001), with learning tapering off to a trend between Block3 and Block4 (t(54) = 
1.604, p =.077), and becoming non-significant for remaining trials. As with Study 1, the 
difference in learning between Block1 and Block5 was greater overall in non-pairs t(54) = 
7.763, p <.001, than pairs t(54) = 2.183, p <.018. 
Moving on to a Block-by-Block basis, we then considered this interaction from a pairs 
vs non-pairs perspective. Paired samples t-tests demonstrate a significant difference with 
better performance at all blocks of the task for pairs compared to non-pairs: Block1 (t(54) = 
7.511, p <.001), Block2 (t(54) = 4.471, p <.001), Block3 (t(54) = 2.368,  p=.011), Block4 
(t(54) = 2.683, p =.005), and Block 5 (t(54) = 2.107, p = .020. Together these results suggest 
that while performance is consistently better in the pairs condition, more learning occurs 
across the task for the non-pairs condition; this is consistent with our findings for pairs/non-





Figure 6.2 Rate of learning as a function of stimuli type across task blocks with estimated 
marginal means and standard errors 
 
6.7.2.9 Stimuli x task x schizotypy 
There was no significant interaction between stimuli and task across schizotypy 
groups F(3.060,162.160) = .733, p =.268. 
6.7.2.10 Stimuli x induction 
There was no significant interaction between stimuli and stress induction on learning 
F(1,53) = .101, p = .378. 
6.7.2.11 Stimuli x induction x schizotypy 
There was a significant interaction of stimuli with stress induction and schizotypy 
group (F(1,53)=6.213, p =.008). Performance for each group pre and post stress are shown in 
Figure 6.3. 
To investigate this, we considered each variable from a between and within groups 
perspective, to tease apart this complex three-way interaction. We began by computing 
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averages for pairs pre and post stress, and non-pairs pre and post stress, and also a single 
aggregated average for pairs and non-pairs.  
In the full sample, there was a significant difference in performance between the pairs 
and non-pairs both pre (t(56) = 4.759, p = .001) and post stress induction (t(56) = 4.174, p 
=.001), with performance on pairs being better in both instances. This shows that at a cohort 
level pairs are better learned than non-pairs, regardless of stress.  
To consider the influence of stress induction on learning in the full sample, we 
compared the average of pairs and non-pairs pre stress versus post stress. There were no 
significant differences in average performance pre and post stress for either stimuli type 
(Pairs: t(54) = .621, p =.537; Non-pairs t(54) .483, p = .631). This indicates that average 
performance was not affected by the stress induction at a cohort level.  
We then considered the effect schizotypy may have on the significant interaction 
observed. When splitting the sample by schizotypy, comparisons for pre versus post stress, 
performance was significantly lower post stress induction for high schizotypes in the pairs 
condition only (t(31) = -1.683, p =.05). There were no significant differences in performance 
pre-post stress for high schizotypes in the non-pairs condition (t(31) .555, p = .583), or low 
schizotypy for either stimulus condition (Pairs: t(22) = .802,  p=.431; Non-pairs t(22) -1.418, 
p = .085).  
The post hoc analyses thus far have been based on average performance. We also 
considered the change in performance across the task itself. To do this we computed a change 
score from Block 1 to Block 5 for pairs and non-pairs pre and post stress, and a grand average 
change score for pairs and non-pairs which provided overall change in performance. We then 
used paired samples t-tests to consider whether stress influenced change in performance pre 
vs post induction both at a cohort level and within schizotypal groups. 
To begin we used an independent sample t-test. Low schizotypes performed 
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significantly better than high schizotypes in the pairs condition both pre stress (low: M = 
0.104, SE = 0.038, high: M = 0.008, SE = 0.034; t(55) = 1.878, p =.033) and post stress (low: 
M = 0.127, SE= 0.045, high: M = 0.008, SE = 0.037; t(53) = 2.061, p =.022).  
We then used paired samples t-tests and observed no difference in the change in 
performance as a function of stress induction for the cohort as whole (Pairs: t(54) = .550, p 
=.585; Non-pairs: t(54) .-1.00, p = .322). This indicates that stress induction alone is not 
explaining the significant interaction observed in the ANOVA. We then spilt the file by 
schizotypy. For change in learning following the stressor, we see the low schizotypy group 
saw an improvement in performance for pairs (M = .0246, SE = 0.031) and a decrement in 
performance of non-pairs (M  = -.042, SE= 0.029), but this change was not significant (t(22) 
= -1.555, p = .067).  
For the high schizotypal group however, we see the opposite trend, with performance 
worsening for the pairs (M = -.038, SE = 0.022), while performance for non-pairs improved 
(M = .014, SE = 0.025) and this difference in performance was significant (t(31) = 1.990, p = 
.028).  
 
Figure 6.3 Interaction between stimuli and stress induction across schizotypy group with 




6.7.2.12 Task x induction 
There was no significant interaction between task and stress induction on learning 
F(3.034,160.793) = .087,   p= .484. 
6.7.2.13 Task x induction x schizotypy 
There was no significant interaction between stress induction and task across 
schizotypy group F(3.034, 160.793) = 1.244,  p= .148. 
6.7.2.14 Stimuli x task x induction 
There was no significant interaction between stress induction, task and stimuli 
F(3.403, 180.369) = .935, p = .217. 
6.7.2.15 Stimuli x task x induction x schizotypy 
There was no significant interaction between stress induction, task and stimuli across 




These studies considered whether high schizotypes differed from low schizotypes on 
trial-and-error learning and whether stress explained or exacerbated group differences in 
performance. We hypothesised that those who reported higher schizotypal traits would show 
reduced accuracy in trial-and-error learning. However, the results were not as straight 
forward as we first supposed. In the first study high schizotypes did report more hassles and 
life events than low schizotypes; although there were no differences for perceived stress. For 
trial and error learning, high and low schizotypes did not differ from one another in their 
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performance, although task effects on performance were evident as expected. In addition, we 
found that hassles and life events, when placed as a covariate did not change the overall 
pattern of results. Therefore, our hypothesis was not supported.  
In our second study, we observed a group difference in performance on the trial-and-
error learning task, with low schizotypes performing significantly better by the final block of 
the task than high schizotypes. Within both groups there was evidence of significant learning 
across the task, how within the high schizotypes overall performance decreased between the 
penultimate and final block. This perhaps reflects difficulties in maintaining attention 
throughout the task. The increased number of data points in Study 2 for each participant may 
have increased the power available for statistical analysis to explain why schizotypy group 
did not interact with overall learning in Study 1. 
Furthermore, in Study 2, we found that the stress induction did effect performance, 
but only as in interaction with both schizotypy and the stimuli being learned. When we 
consider performance across stimuli, we see that high schizotypes were less accurate in 
learning pairs following acute social stress, while low schizotypes accuracy did not change. 
Low schizotypes performed better on overall learning for the pairs pre and post stressor. The 
stress induction did not lead to significant changes in performance within the low 
schizotypes, however for high schizotypes stress decreased learning for pairs and increased 
non-pairs learning. Thus, our hypothesis for Study 2 was partially supported since there were 
performance differences between high and low schizotypes and it was the effect of an acute 
stressor which brought these to the fore, although it appears that the type of stimuli being 
learned is important.  
Previous research with patients who have schizophrenia demonstrate that these 
individuals have impaired learning ability (Waltz, Frank, Wiecki, & Gold, 2011; Waltz & 
Gold, 2007; Wood et al., 2002). However, there is little research considering learning in 
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schizotypy; what does exist is mixed, at times suggesting that some types of learning are 
impaired compared to average/low schizotypes: e.g. associative learning (Haselgrove & 
Evans, 2010; Moore, Dickinson, & Fletcher, 2011), incidental learning (Burch, Hemsley, 
Corr, & Gwyer, 2006), overshadowing (Granger, Prados, & Young, 2012), and latent 
inhibition (Granger, Moran, Buckley, & Haselgrove, 2016). While others report no difference 
between low and high schizotypes (e.g. Humpston, Evans, Teufel, Ihssen, & Linden, 2017). 
For the related cognitive ability of spatial working memory, research suggests that high 
schizotypes experience impaired performance for tasks in this area (Park, Holzman, & 
Lenzenweger, 1995). Our results also present a conflicting view of spatial learning in 
schizotypy. 
Our results do add to existing literature in considering how different types of stress 
might impair learning in high schizotypes. Previous research suggests stress impairs learning 
ability (LePine, LePine, & Jackson, 2004; Römer, Schulz, Richter, Lass-Hennemann, & 
Schächinger, 2011). The data included in this paper examined two types of stress: naturalistic 
stress (occurring in everyday life via daily hassles and life events), and acute psychosocial 
stress. Results demonstrated that individuals high in schizotypy have somewhat impaired 
spatial learning capacity following acute stress but naturalistic stressors did not appear to 
relate to trial and error learning. This presents two possibilities: the mechanisms driving the 
effects of the two stressors may be different, or that there is a quantitative difference in the 
effects of these stressors. Learning is comparatively robust and hardwired, as it is an 
everyday capacity. In the current studies, only acute psychosocial stress interacted with high 
schizotypes’ performance on the trial-and-error learning task. Acute stress activates the 
parasympathetic nervous system as a call to action. Recent research has shown that in 
response to acute stress, high schizotypes do not experience activation of the parasympathetic 
nervous system to the same magnitude as low schizotypes (demonstrated by a lack of cortisol 
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response; Walter et al., 2018). While the high schizotypes in Study One did report more life 
events and hassles, our findings suggest an accumulation of everyday minor stressors are not 
sufficient to compromise the high schizotypes cognitive systems. On the other hand, the acute 
stress they experience in Study Two, did alter learning capacity in high schizotypes more so 
than low schizotypes. While stress reactivity is documented in patients with schizophrenia 
(Dombrowski, McCleery, Gregory, & Docherty, 2014), a higher level of stress may be 
needed in high schizotypes than patients in order to lead to decrements in everyday cognitive 
capacities such as learning.  
A finding of interest was the difference in learning between stimuli. While high 
schizotypes had generally lower performance overall, there was an improvement in their 
accuracy for non-pairs. Non-pairs were viewed as distractors in the task and were expected to 
be the more difficult stimuli to correctly identify (Mehta et al., 2005). An explanation for why 
high schizotypes performed better for non-pairs may be impaired inhibitory control (Ettinger 
et al., 2015). Poorer ability to ignore distractors (inhibitory control) has been demonstrated 
across the psychosis continuum (Ettinger et al., 2018).  By engaging the parasympathetic 
nervous system, through stress, an individual primed to search for threat, and with less ability 
to suppress distracting stimuli, has greater capacity to attend to these “distractors” and keep 
them in mind compared low schizotypes.  
Alternatively, the differences in performance across pairs and non-pairs for high 
schizotypes may lie in reinforcement learning. The spatial learning task involved receiving 
feedback about the “correctness” of responses and using this feedback on future trials. 
Dopamine neurons are known to code reinforcement prediction errors, which are an essential 
signal in a number of reinforcement learning models (Frank, Seeberger, & O’Reilly, 2004). 
Dopaminergic disturbances are detectable in psychotic disorders (Laruelle, Kegeles, & Abi-
Dargham, 2003), during the prodrome (Bauer, Praschak-Rieder, Kasper, & Willeit, 2012), 
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and to a lesser extent in schizotypy (Grant et al., 2013). Increases in dopamine are associated 
with positive feedback for Go signals during task completion, while NoGo or negative 
feedback relates to dips in dopamine signalling (Frank, 2005). Colloquially this could explain 
why it is easier to learn what something ‘is’ rather than ‘is not’. Given that high schizotypes 
may have higher levels of subcortical dopamine signalling, it is possible that they do not 
experience the same magnitude of decreases in dopamine following negative feedback, 
therefore they are more readily able to learn the non-pairs compared to average and low 
schizotypes (Mohr & Ettinger, 2014). Future studies considering learning along the psychosis 
continuum should include measures of dopamine tone and signalling to assist in clarifying the 
heterogeneous findings within this area (Mohr & Ettinger, 2014). 
Finally, to consider the limitations of the present study. Due to relatively small 
samples size our ability to show significant differences may be limited, some trend results 
may reflect that the study is underpowered. However, while small, sample size was 
comparable with other studies examining spatial working memory (Barkus et al., 2016; 
Goldstein et al., 2011). The sample size becomes more of an issue given the inconsistency 
between the two studies for the differences in performance by schizotypy group. In saying 
this, the two studies had approximately similar group sizes and we replicated the task effects, 
yet we would like to see these results replicated in a larger sample.  
Another possible study limitation is the number of trials within the trial and error 
learning task used in this study. Future studies need to include measures of general 
intelligence and basic units of cognitive functioning such as sustained attention and working 
memory. Given the complex nature of spatial trial-and-error learning it draws on a number of 
areas of cognition, understanding which of these are compromised by schizotypy and stress 
could assist in dissecting the inconsistency in existing findings and the possible differences 
between our two study samples. In a similar manner, perhaps we also need to consider 
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whether any demographic differences between the samples used in the two studies may have 
accounted for the lack of schizotypy effects in Study 1. Perhaps a future study design needs 
to include the same participants in a naturalistic consideration of stress alongside an 
experimentally induced stressor such as the TSST. In this way, it will be possible to address 
whether acute stress and naturalistic stress responses are related.  
We must also consider the way in which we captured the stressors included here. 
While Study 2 was able to capture stress in an ‘online’ sense, where we could assess the 
direct impact after the acute stressor, this was not possible with Study 1. Study 1, while able 
to capture multiple stressors occurring in daily life, could only do so from a retrospective or 
‘offline’ perspective. As such, we can only report that they do not relate to trial and error 
learning seen here. As such future research which can assess daily hassles and life events in 
an online way (perhaps through ambulatory assessments) would allow us to investigate 
whether ambient stressors such as these directly impact learning. 
Lastly, although we tried to take into account different types of stress we were not 
able to consider the temporal relationship between the different stressors. For instance, while 
hassles might not influence cognition in small amounts there could be a cumulative effect for 
them to compromise cognitive capacities. In addition, life events and hassles are likely to co-
occur, so again it would be beneficial to begin to understand the temporal relationship 
between these types of stressor and how they cumulate to compromise cognitive and 
psychological resources. Studies need to be specifically designed to consider the temporal 
link between different stressors to disentangle the colloquial term “the straw that broke the 
camel’s back”.  
The current results have important implications for understanding potential markers 
that differentiate individuals on the psychosis continuum. In particular, there is likely not a 
single relationship between stress and cognitive outcomes. Rather, depending on the types of 
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stress, cognition will be differentially compromised in schizotypes. Generally, spatial trial-
and-error learning capacity seems intact in individuals with high schizotypy. Stresses of 
everyday life do not account for variation in learning. It is only when the stress reaches a 
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Stress affects our ability to think and act in daily life. Stress can be adaptive, 
signalling the body and mind to action in order to assess threat. However, when stress is 
pernicious, negative consequences can unfold for mental health and functioning. We know 
everyone experiences stress, however some individuals experience stress more frequently or 
with greater intensity than others. Stress has also been linked with mental health disorders 
(McEwen, 2008). Mental health disorders are costly: global economic costs were estimated to 
be US$2.5 trillion in 2010 (Trautmann, Rehm, & Wittchen, 2016), with the expectation of a 
six-fold increase over the next 30 years (Doran & Kinchin, 2019). The ability to identify 
individuals who are vulnerable to negative mental health outcomes from stress is important 
for preventative healthcare. 
One group of individuals who may be particularly vulnerable to experiencing stress 
reactivity are those who express schizotypal traits. Schizotypal traits or schizotypy, are a 
cluster of personality traits in the general population which convey a hypothetical 
vulnerability to psychosis (Thomas et al., 2018). These traits include odd perceptions, beliefs 
and behaviours, as well as interpersonal deficits such as social anhedonia, and are considered 
an attenuated form of the symptoms found in schizophrenia (Panton, Badcock, & Badcock, 
2016). Consideration of schizotypy in otherwise healthy individuals is the subject of 
increasing interest because those who score highly on schizotypy are purported to express the 
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outcomes from genetic and epidemiological factors related to patients with schizophrenia 
(Maier et al 1999; Smyrnis et al. 2007). Individuals with schizotypy display stress reactivity 
compared to those who score average or low on schizotypy (Chun, Barrantes-Vidal, 
Sheinbaum, & Kwapil, 2017), as well as abnormal physiological responses to acute stressors 
(Walter et al, 2018), mimicking stress responses reported in patients with schizophrenia 
(Vaessen et al., 2018). Significant stressors, such as migration (Cantor-Graae & Selten, 
2005), ethnic isolation and discrimination (Veling et al., 2008), and urbanicity (Weiser et al., 
2007) have been implicated in the risk for schizophrenia. Minor stressors occurring in the 
course of everyday life have also been associated with the intensity of psychotic symptoms in 
both patients and first-degree relatives (Myin-Germeys, Delespaul, & Van Os, 2005; 
Reininghaus et al., 2016). These require consideration in those who express schizotypy. 
While there have been consistent links between schizotypy and stress reactivity, the 
link between stress and cognition in schizotypal individuals is still unclear. Cognition 
comprises both capacity and ability. Cognitive ability expresses the idealised assessment of 
cognitive function captured by laboratory assessments, while cognitive capacity captures how 
someone operates in a day to day setting, reflecting cognitive domains performed with all the 
distractions and emotions inherent to everyday life (Carrigan & Barkus, 2016). One example 
of cognitive capacity are cognitive failures. Cognitive failures are errors which occur during 
the completion of daily activities which are normally routine (Broadbent, Cooper, FitzGerald, 
& Parkes, 1982). For example, forgetting a turn on a normally travelled route, misjudging 
space and bumping into something, or, forgetting a word on the tip of one’s tongue. These 
cognitive slips and failures provide an opportunity for investigation of cognitive functioning 
in daily life. 
Examining events which occur in the flow of everyday life necessitates a 
methodology which permits a window into someone’s day-to-day life (Burgin, Chun, Horton, 
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Barrantes-Vidal, & Kwapil, 2015). Experience sampling methodology (ESM) has been used 
to explore the daily life of patients with schizophrenia (Myin-Germeys et al., 2005), their 
relatives (Hernaus et al., 2015), at-risk individuals (Palmier-Claus et al., 2012) and to a lesser 
extent schizotypes (Kwapil, Brown, Silvia, Myin-Germeys, & Barrantes-Vidal, 2012). ESM 
is a within day, self-assessment technique, usually over consecutive days, which requires 
individuals to respond to short questionnaires at random intervals. Using ESM, schizotypy 
has been associated with increased negative affect (Kwapil et al., 2012), event and social 
stress (Barrantes-Vidal et al., 2013) and more recently tiredness, inability to cope following 
stress and perceived social rejection (Chun et al., 2017). The present study seeks to extend 
current ESM studies by investigating the effect of schizotypy on momentary stress 
experienced in the daily lives of individuals, and to further consider the effect that schizotypy 
may have on daily cognitive functioning. Specifically, it is hypothesised that schizotypy will 
independently be associated with greater stress reactivity and cognitive slips and failures in 
an everyday setting. The nature of ESM allows us to also consider the effect that time of day 
has on the experience of stress and cognitive failures. A secondary hypothesis is that the 
effect of schizotypy on stress and cognitive slips and failures will vary throughout the day. In 
addition, we hypothesised that schizotypy would be related to poorer cognitive ability and 
those with lower cognitive ability would experience more cognitive slips and stress in the 





The present study analysed data from healthy individuals recruited via word of mouth 
from the University of Wollongong. Participants received monetary compensation for taking 
part. Participants enrolled in the study met the following inclusion criteria: a) aged between 
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18 and 60 years, b) living in the catchment area, c) no current or previous diagnosis of 
psychosis. The total sample comprised 87 (72.09% female), aged between 18-41 years 
(M=22.35, SD=4.28). Only individuals who completed all components of the study and at 
least 80% of the diary entries were included in the final analyses (n=79, 81.83% female), 





Schizotypy was measured using the Schizotypal Personality Questionnaire (SPQ) 
which has sound psychometric properties (A Raine, 1991). The SPQ is a 74-item self-report 
scale of schizotypal traits based on the DSM-III-R criteria for Schizotypal Personality 
Disorder. For the current study we used the total SPQ score total score range 0 to 74.  
 
7.2.3 General cognitive ability 
 
7.2.3.1 CogState Schizophrenia Battery (CSB; CogState 2012) 
Objective cognitive ability was assessed using the CSB. The CSB was developed as a 
standardised battery of cognitive ability. The battery comprises 10 tasks assessing: verbal 
learning (International Shopping List Task), speed of processing (Detection Task), reasoning 
and problem solving (Groton Maze Learning Task), visual working memory (One Back Task 
and Two Back Task), visual memory (One Card Learning Task), attention/vigilance 
(Identification Task), spatial working memory (Continuous Paired Association Learning 
Task), executive functioning (Set Shifting Task) and social cognition (Social Emotional 
Cognition Task). A single composite score was generated by calculating a standardised score 




7.2.4 Experience sampling 
 
Participants received a digital wristwatch and the ESM diary booklets, one for each 
day. Participants completed the same set of questions at each time point. The ESM procedure 
was explained to participants during the initial session where additional baseline measures 
were taken.  
7.2.4.1 Daily life stress items 
Included in the ESM was the assessment of the subjective experience of momentary 
stress (stress reactivity). This captured the appraised stress occurring in the natural flow of 
daily life.  Participants were asked to respond to six statements on a seven-point Likert scale 
which asked about participant thoughts, feelings and perceptual experiences of stress. 
Possible scores for each signal ranged from 6 to 30, with higher scores indicating greater 
stress reactivity. 
7.2.4.2 Cognitive slips and failures items 
Momentary cognitive capacity was assessed using ESM. There were 19 items 
designed to capture participants’ self-perceived cognitive slips and failures since the last 
beep. Items were collected from existing validated measure of cognitive slips and failures, 
namely the Attention-Related Cognitive Errors Scale (Cheyne, Carriere, & Smilek, 2006),  
Prospective and Retrospective Memory Questionnaire (G. Smith, Della Salla, & Logie, 
2000), and Cognitive Failures Questionnaire (Broadbent et al., 1982), selecting slips and 
failures likely to occur in the flow of everyday life on a relatively frequent basis. Responses 
for each item were given on a 4-point Likert-type scale, where 1 = Not at all, 2 = Once or 
twice, 3 = Three times, and 4 = Four or more times. Possible scores for each signal ranged 





As part of a larger study investigating the effects of schizotypy on affect, cognition 
and stress, participants who gave initial verbal consent were invited to attend an individual 
face to face testing session with a researcher, in a quiet well-lit room, within the School of 
Psychology at the University of Wollongong. The study was explained to them in more detail 
prior to written consent being obtained, followed by questionnaire completion and CSB. 
These sessions took approximately 60 minutes in total. Data collection took place over 2012-
2018 encouraging a diverse cohort of undergraduate students.  
Participants were provided with the opportunity to ask questions and clarify any 
section or items contained within the ESM diary. Participants were told they would be 
required to carry a diary with them each day for the next seven days. Participants were 
instructed to pause in their current activity when the watch emitted a vibrating alarm and 
immediately fill out the relevant section of their diary. We stressed the importance of filling 
out as many sections of the diary as possible, but also acknowledged that there may be times 
when completing their diary is not possible and this is understood. Subsequently, if they were 
unable to complete the diary within 20 minutes of the signal, they should not fill it out 
retrospectively (or in advance) but skip this section and continue on when the next signal 
comes.  
Diaries were paper booklets, designed in A5 size so as to be easily portable for 
participants during their daily activities. We used a vibrating multiple-alarm-capacity watch 
(VibraLITE 8), which was pre-set with seven alarms daily to signal diary completion for a 
total of 49 entries (7 days x 7 alarms) over the course of the study. Alarm times were selected 
using a stratified approach, with random times allocated to each participant from within each 
of the seven intervals: 9am-10am, 11am-12pm, 1pm-2pm, 3pm-4pm, 5pm-6pm, 7pm-8pm, 
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and 9pm-10pm. These epochs were expected to be times of the day to include core daily 
activities and were based on previous ESM studies (e.g. Palmier-Claus et al. 2011). Each 
participant’s alarm schedule remained fixed throughout the study, this helps to incorporate 
data collection into daily routine and improve compliance. The number of alarms daily was 
also selected to improve compliance, as previous studies have suggested that too few signals 
(less than five) can result in poorer outcomes (Palmier-Claus et al., 2011).     
 Finally, to encourage compliance, answer any questions, and maintain enthusiasm, the 
researcher made contact with the participant via email, phone or text two days after the face-
to-face session. This continuous contact between researcher and participant has been 
recommended as a means of generally encouraging participants and discouraging them from 
violating the ESM protocol (Kimhy, Myin-Germeys, Palmier-Claus, & Swendsen, 2012). At 
the end of the ESM phase, participants returned to the School of Psychology to receive 
debriefing, compensation and return the watch and completed diaries. 
 
7.2.6 Statistical analyses 
 
ESM data are hierarchical in nature, as individuals (Level 1) are nested within time of 
the day (Level 2), which are nested within day of the week (level 3). Therefore, hierarchical 
linear models were used which takes into account that residuals are not independent 
(Schwartz & Stone, 1998). We therefore conducted multilevel linear regression analyses in R 
(R Core Team, 2013), using the nlme package (Pinheiro, Bates, DebRoy, Sarhar, & R Core 
Team, 2018). In this approach, it is possible to examine predictors as random coefficients, 
making it possible to examine whether the relations between the Level 1 variables vary across 
selected predictors (Finch, Bolin, & Kelley, 2014). For our purposes, we entered our level 2 
(time) and level 3 (day) predictors as random coefficients to examine whether the relationship 
between our level 1 (momentary assessments) varied across the day and the week.  
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Three models were tested to address our study hypotheses, for each model schizotypy 
and CogState performance were entered as fixed predictors. Additionally, it should be noted, 
each model included in the present study was built from a null model with predictor variables 
entered in a step-wise fashion; only the final significant models are reported here. Parameter 
estimates for all three final models were calculated using restricted maximum likelihood 
estimation with robust standard errors. Additionally, as time of the day and day of the week 
are random coefficients, we allowed the slope and intercept to vary randomly in each model 
across day and beep. 
7.3 Results 
 
During the data cleaning process, it was determined that of the 92 participants who 
initially took part in the study, five needed to be excluded due to low diary completion (i.e. 
less than 80%) leaving us with a sample of 87. This cut-off was identified from previous 
studies which have ranged from no-cut off to an 80% minimum criterion (Stone, Shiffman, 
Atienza, & Nebeling, 2007). A further eight were excluded as they did not complete predictor 
measures (SPQ, or CSB). This left us with a final sample of 79 participants for analysis. 
There were 292.3 missing entries for the included sample, with participants completing an 
average of 45.3 (of a possible 49) data points, a completion rate of 92.45%. Schizotypy was 
not significantly correlated with missing entries r(77) = -.10, p = .399. Presented in Table 7.1 
are the means, standard deviations and correlations between study variables. Age was 
significantly negatively correlated with trait schizotypy r(77) = -.262, p = .02. As expected, 
average ESM momentary stress and average ESM slips and failures were strongly correlated. 








Descriptive statistics and correlations for model variables (N = 79) 
Variable M SD 1 2 3 4 5 
1. Age 22.35 4.28 -     
2. SPQ 23.11 13.56 .262** -    
3. CSB -.0255 .35041 .187 -.029 -   
4. ESM momentary stress 15.06 3.35 -.054 .162 .181 -  
5. ESM slips and failures 25.478 4.51 -.054 .200* .074 .510*** - 
Note: *p<.05, **p<.01, ***p<.001. 
 
7.3.1 Stress reactivity in daily life 
 
Model one was used to assess whether schizotypy, cognitive capacity (ESM slips and 
failures), and CSB predicted the occurrence of stress reactivity (ESM momentary stress) in 
everyday life (Table 7.2). From examination of the model output provided in Table 7.2, we 
can see that there was a positive relationship between both SPQ, and ESM slips and failures 
and ESM momentary stress. This indicates that as SPQ scores increase so does ESM 
momentary stress. This is also the case for the relationship between ESM slips and failures 
and its effect on ESM momentary stress. In addition, better performance on the CSB 
predicted greater ESM momentary stress. Finally, there was a significant interaction between 
SPQ, and ESM slips and failures predicting ESM momentary stress. There were no effects of 
time of day or day of the week on ESM momentary stress. The model fit did improve from 
the null model (AIC = 23992.78; BIC 24017.78) to the final model (AIC = 23476.55; BIC = 
23607.72), with the final model accounting for 7.2% of the variance in ESM momentary 
stress. To investigate the interaction between SPQ and ESM slips and failures on ESM 
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momentary stress, we created low, medium and high stress groups using Tukey’s Hinges. 
SPQ and ESM slips were regressed on one another and predicted scores saved as standardised 
coefficients. This expressed the relationship between ESM slips and SPQ for each participant.  
An ANOVA  indicated that the interaction between SPQ and ESM slips and failures differed 
by ESM stress (F(2,78) = 3.272, p = .021). Using post-hoc comparisons, higher levels of 
schizotypy were related to higher levels of slips and this relationship was strongest between 
average – high levels of ESM momentary stress (p = .022).  
 
Table 7.2  
Model one: Predicting ESM momentary life stress 
Variable B SE Df T p 
Intercept 7.187 .930 3769 7.73 <.001 
SPQ 0.101 0.028 3769 3.65 <.001 
CSB 1.887 0.242 3769 7.80 <.001 
ESM slips and failures 0.382 0.030 3769 12.96 <.001 
Day -0.252 0.118 5 -2.15 0.88 
Time  -0.188 0.109 40 -1.72 0.09 
SPQ* ESM slips and failures -0.003 0.001 3769 -3.30 .001 
Day*Time 0.020 0.024 40 0.811 0.42 
 
7.3.2 Cognitive failures in daily life 
 
As can be seen in Table 7.3 (Model Two), ESM slips and failures were only 
significantly predicted by higher levels of schizotypy and ESM momentary stress. Model fit 
again improved from the null model (AIC 25070.72; BIC 25095.71) to the final model (AIC 





Model two: Predicting ESM cognitive slips and failures 
 B SE Df T p 
Intercept 18.847 0.758 3769 24.862 <.001 
SPQ 0.058 0.023 3769 2.547 0.011 
CSB -0.275 0.281 3769 -0.980 0.328 
ESM momentary stress 0.403 0.035 3769 11.680 <.001 
Day -0.182 0.108 5 -1.684 0.153 
Time -0.153 0.108 40 -1.416 0.165 
SPQ* ESM momentary stress -0.000 0.001 3769 -0.305 0.760 
Day*Time 0.030 0.024 40 1.244 0.221 
 
7.3.3 Additional analyses 
 
Given that ESM momentary stress and ESM cognitive slips and failures were 
consistently related to one another, we investigated which factors predicted an interaction 
between these two variables (Table 7.4). The interaction was predicted by SPQ, CSB 
performance, day of week and time of day. This suggests that the way in which ESM slips 
and stress vary together is affected by SPQ, CSB performance, day of the week and time of 
day. Model fit again improved from the null model (AIC 51975.45; BIC 52000.45) to the 
final model (AIC 51885.04; BIC 52003.74), with the final model accounting for 1.1% of the 
variance. We investigated the prediction of this interaction in a similar manner as previously 
described in section 7.3.1.  The relationship between ESM Slips and stress was such that 
higher levels of slips were associated with higher levels of stress. This relationship differed 
by schizotypy (F(2,76) = 3.27, p = .043), such that the relationship between the two variables 
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was strongest at average schizotypy; the only point where it reached significance (r = 0.523, 
p = 0.001).  
For considering the relationship of CSB with ESM Slips and stress the ANOVA did 
not reach significance (F(2,74)=0.398, NS), however results from Pearson’s correlations 
demonstrated that the relationship between slips and stress was only significant at average (r 
= .438, p = .003) and high (r = .560, p =.007) performance on the CSB.  
There were no significant differences in the relationship between ESM slips and ESM 
stress at any point of the week (early-mid; early-late; mid-late t(78) = .000, p = 1.0). 
Additionally, there were no significant differences in the relationship between ESM slips and 
failures and ESM stress by time of day (morning-afternoon t(78)  = .375, p = .709; morning-
evening t(78)  = .357, p = .722; afternoon-evening t(78)  = .000, p = 1.0). This suggests that 
even though they are significant predictors of the relationship between ESM stress and slips 
and failures, there is no evidence of reactivity in the temporal relationships between ESM 
momentary stress and slips and failures, instead there seems to be a stable relationship over 
day and time.  
Table 7.4 
Model three: Predicting the interaction between ESM momentary stress and ESM cognitive 
slips and failures 
 B SE df T p 
Intercept 446.570 21.162 3771 21.102 <.001 
SPQ 1.769 0.261 3771 6.760 <.001 
CSB 65.509 9.958 3771 6.780 <.001 
Day -13.729 4.376 5 -3.137 0.026 
Time -11.575 3.872 40 -2.989 0.005 





The present study examined how schizotypy and formal cognitive ability related to 
momentary stress and cognitive capacity in daily life using ESM in a sample of non-clinical 
adults. As hypothesised higher schizotypy scores predicted higher momentary stress and 
everyday cognitive slips and failures. In addition, schizotypy and cognitive slips interacted to 
predict momentary stress. Contrary to our expectations, cognitive ability, as assessed by the 
CogState, was not significantly correlated with schizotypy and only significantly predicted 
momentary stress. Given the consistent associations between momentary stress and everyday 
cognitive slips and failures we also investigated which factors predicted an interaction 
between these variables. The interaction between cognitive slips and failures and momentary 
stress (both assessed through ESM), was positively predicted by schizotypy scores and 
cognitive ability and negatively predicted by time of day and day of the week. In fact, time of 
day and day of week were only significant predictors in this final model.  
The experience of a negative mental state such as stress has been shown to affect both 
memory and attention (Maharaj, Lees, & Lal, 2018); two key factors in successful adaption to 
one’s environment. This may partially explain the significant effect momentary stress has on 
cognitive capacity within daily life. Higher schizotypy predicted cognitive failures; it is 
possible that increased stress reactivity in  schizotypes (Cristóbal-Narváez et al., 2016) 
exacerbates impairments in cognitive capacity. Previous studies have found that increased 
stress reactivity has been independent of cognitive impairment in those along the psychosis 
continuum (Barrantes-Vidal et al., 2013). Our results both support and extend upon this by 
suggesting that in addition to an independent effect of schizotypy on both stress reactivity and 
cognitive slips, stress reactivity may be a key factor in cognitive slips in high schizotypes 
across daily life. 
Better performance on the CogState schizophrenia battery predicted greater 
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momentary stress. Individuals with better cognitive ability may engage in more tasks and 
commitments as part of their daily routines. These additional responsibilities may generate a 
generally larger cognitive load, due to competing demands, resulting in greater stress 
reactivity during everyday life. Cognitive load and stress have been linked (Plieger et al., 
2017), but only in laboratory settings. Since we did not explicitly assess cognitive load we 
can only speculate, future studies could include a measure of cognitive load in real life to 
investigate this possibility.  
An alternative explanation for the link between schizotypy and cognitive slips and 
failures interacting to predict momentary stress may be that individuals high in schizotypy 
have difficulty inhibiting irrelevant stimulus in their daily lives. This lends itself to 
individuals being absent-minded or easily distracted resulting in more stress being 
experienced in daily life. Cognitive control (the ability to suppress irrelevant or conflicting 
information and prepotent responses) has been shown to be impaired in individuals with 
schizotypy (Albertella, Le Pelley, & Copeland, 2015). Additionally, cognitive control is 
independently affected by acute stress (Alomari et al., 2015; Bogdanov & Schwabe, 2016), so 
perhaps what we are seeing is that participants who already have an impacted ability to 
inhibit distracting environmental stimuli due to trait schizotypy, are additionally impacted by 
the effects of stress on attentional processes, resulting in increased cognitive slips and fails in 
daily life. 
  
7.4.1 Methodological limitations 
 
While we have demonstrated the usefulness of ESM for investigations of schizotypy 
in daily life, there are limitations that must be acknowledged. The generalisability of our 
findings may be limited as our student sample had a fairly young average age. Having said 
this, schizotypy is a personality trait and so once adolescence has passed it seems to be fairly 
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stable across the lifespan. As such we do not reasonably expect that this would have modified 
the direction or strength of the results. Nevertheless, as the study was restricted to a student 
sample, it might be of use to extend this to a wider sample of the general population in the 
future. Examining the associations between schizotypy, cognitive ability and capacity in 
older adults would be interesting given that cognitive abilities are thought to decrease with 
age (Harada, Love, & Triebel, 2013). Potentially, schizotypy could be more influential in 
older adults for experiencing cognitive capacities in daily life than in younger individuals.  
Compliance must also be noted as a potential limitation. In the present study, while 
we obtained a <90% compliance rate in the included sample this was a pen and paper diary, 
and we realistically have no way of knowing how truly complaint participants were. To 
maximise compliance and limit back and forward filling as much as possible we included 
extensive training of participants (as used in Palmier-Claus et al. 2011) and repeated contact 
with the participant to promote honesty (as seen in  Kimhy et al. 2012). The use of electronic 
diaries through smartphone apps or specifically designed technologies is suggested for future 
research as this allows accurate recording of time of entries to ensure compliance and validity 
of responses.   
 
7.4.2 Future directions 
 
 The relationship between schizotypy, stress, and cognitive impairment seems more 
complex than one might originally think. Our results suggest that perhaps schizotypy may 
exert is toxic effects on daily cognitive functioning through the exacerbation of the stress 
system as well as perhaps directly shaping some cognitive abilities. Future research should 
seek to tease apart the relationships and aim to clarify whether there are direct, mediating or 
indeed moderating effects between schizotypy, stress and cognition. The relationship is most 
certainly a multifaceted one and the ability to understand it further provides much potential 
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The current study supports the effectiveness of ESM for the assessment of daily life. 
Previously correlates of cognitive slips and failures had only been examined in the laboratory 
environments using one-time measures. The present study assessed participants at multiple 
timepoints throughout the day and thus was able to asses participants stress reactions and 
cognitive functioning in various real-world contexts. Our current findings support that of 
previous research and build upon it by demonstrating that stress seems to be a key factor in 






Chapter 8: General discussion  
 
8.1 Summary of results 
 
The broad aim of this thesis was to contribute to a clearer understanding around the 
currently mixed literature surrounding correlates of schizotypy as part of the psychosis 
continuum. Taken together, the collection of papers included in this thesis highlight the 
varying relationships that exist between stress, schizotypy and cognition. They demonstrate 
the important role of stress in influencing cognitive ability and performance for those who 
express schizotypy. This thesis has also sought to highlight the role that stress plays in real-
world functioning for those with schizotypal traits. Ultimately, a key aim was to investigate 
how individuals with trait schizotypy parallel and differentiate from individuals at the clinical 
end of the psychosis continuum. This was partially achieved through the demonstration that 
individuals with high schizotypy mimic individuals with schizophrenia spectrum disorder by 
reporting greater life events, daily hassles, stress reactivity and blunted cortisol responses to 
acute psychosocial stress. However, unlike those at the clinical end of the continuum, high 
schizotypes do not report greater levels of perceived stress. From a cognitive perspective, 
high schizotypes do display impairments similar to those to with schizophrenia, however not 
in all contexts. Our main aim was only partially achieved in terms of cognition. Additionally, 
while we did assess the nature of the relationship between momentary stress, cognitive slips 
and failures and schizotypy, we were not able to do so for all types of stress and cognition 
included in the thesis. Each of the key findings for our empirical chapters will now be 
summarised. 
The systematic review (Chapter 2) drew together existing research to highlight the 
links between stress and the psychosis continuum, showing areas of inconsistency/gaps which 
could be addressed by the current work. The aim of this review was to synthesise the current 
162 
 
research that investigates the presence of stress abnormalities in the psychosis continuum, in 
order to highlight any inconsistencies which may inform the targets for investigation in the 
empirical chapters of the thesis. A quality index was devised so that the studies included in 
the review could be ranked. When considering the studies with the highest quality assessment 
scores (14-16), the most consistent evidence was for trauma being associated with greater 
symptom experiences/exacerbation/transition to clinical illness. Trauma was the most 
consistently investigated stressor with 36 out of the 83 included studies assessing trauma. The 
most consistently investigated outcome for trauma studies was psychotic like experiences 
(11) and disorder status (10). There were however mixed results when considering other 
types of stress such as life events, daily stress, perceived stress and physiological stress 
response. Not only were the studies considering other types of stressor of lower quality, being 
of smaller scale and most frequently correlational in nature, there was also a large 
heterogeneity in the phenotypic characterisation and conceptualisation of stress. The 
outcomes of the review most pertinent to the present thesis are that despite consistent links 
between trauma and psychosis, in particular bullying and sexual abuse, assessment of stress 
at the non-clinical end of the spectrum is far less consistent or lacking. For example, there is a 
paucity of research investigating naturalistic stressors such as life events and daily hassles in 
schizotypal samples. Additionally, while physiological abnormalities in schizophrenia 
patients have been noted, they have not been consistently investigated in non-clinical 
samples. Finally, less severe hassles occurring the flow of daily have not, as yet been 
investigated in relation to schizotypy. Thus, the review guided the type of stressors to include 
in each of the empirical chapters in an effort to provide clarity around their potential role in 
schizotypy. Therefore the thesis focused on more frequently occurring stressors which people 
encounter on a day to day basis: daily hassles, life events and psychosocial stress, which are 
more likely to corrode the wellbeing of individuals from both general and clinical samples. 
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The studies were also designed with a mind to keep ecological validity as high as possible 
without compromising too much on the type of data being collected.  
 Our first empirical chapter (Chapter 5) aimed to investigate stress from a 
physiological perspective and examined the effect of acute psychosocial stress on cortisol 
response. We used overall schizotypal trait expression to define the groups of participants. In 
line with our hypotheses, individuals with high schizotypy displayed significantly greater 
baseline free-floating cortisol levels. Additionally, while they subjectively experienced stress 
as a result of the paradigm (just like low schizotypes), high schizotypes displayed 
significantly blunted cortisol release to the experimental stressor when compared to low 
schizotypes. Paper one demonstrates that at a physiological level, individuals with high 
schizotypy seem to parallel the blunted stress response seen in patients with schizophrenia. 
Potentially, this suggests that decreased physiological readiness for stress and cortisol release 
blunting may be a marker for the psychosis continuum.  
As physiological stress response in schizotypy has been shown to reflect response 
seen in the clinical end of the continuum, our second empirical chapter (Chapter 6) 
contributed to our broad aim by incorporating additional types of stress, namely daily hassles 
and life events, as well as acute psychosocial stress across two separate studies. In addition, 
this chapter introduced cognitive performance and began our consideration of our second 
broad aim to investigate the effect schizotypy has on objective and subjective cognition. As 
such, Chapter 6 investigated the effect of different types of stress on trial-and-error spatial 
learning in schizotypy. The domain of working memory is an area of cognition which seems 
to have consistent evidence of impairment in those with schizophrenia spectrum disorders. 
Learning utilises working memory, however, learning is more complex as it also draws on 
attention, elaboration, generalization, and application of the knowledge. It therefore seemed a 
useful target for investigation since a complex operation is more likely to elicit errors in 
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individuals from the general population with varying schizotypy scores. In addition, learning 
is an operation used in our everyday lives and therefore represents a useful target for striving 
to preserve the ecological validity of findings. Using a trial-and-error spatial learning task, 
Chapter 6 outlines whether everyday stressors can account for differences in trial-and-error 
learning between high and low schizotypes; and, whether an acute psychosocial stress effects 
trial and error learning in high schizotypes more so than low schizotypes. To consider the 
effect of different types of stress, the two studies were concerned with first the effect of 
naturally occurring stress and secondly the effect of acute psychosocial stress. Contrary to our 
hypotheses, in the first study there were no significant differences between the two 
schizotype groups and the inclusion of daily hassles and life events did not change this. High 
schizotypes did report more daily hassles and life events but these were unrelated to overall 
learning. However, in the second study not only were there significant differences between 
the high and low schizotypes in trial-and-error overall learning, but in fact, the psychosocial 
stress differentially affected the high schizotypes’ performance such that they became more 
attuned to learning the distractor stimuli at the expense of learning performance on the target 
stimuli. Paper two suggests that individuals with high schizotypy may be resilient to the 
effect of ambient stress on trial-and-error learning, it is only in the face of acute psychosocial 
stress (which triggers a parasympathetic nervous system response) that we see detrimental 
outcomes for learning. However, this does not tell us how people with schizotypal traits 
experience stress throughout their day, and what effect this might have on their real-world 
function. 
Given the so far mixed results regarding the experience of stress and its effect on 
cognition in schizotypy, our final empirical chapter (Chapter 7), sought to consider the nature 
of the relationship between the experience of stress and its effect on real-world functioning in 
those with schizotypal traits. Using experiencing sampling methodology to capture minor 
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fluctuations in stress and cognitive capacity across the day, we assessed the association 
between schizotypy, formal cognitive ability (laboratory assessed), daily cognitive slips and 
failures, and momentary stress. We hypothesised that higher schizotypy will independently 
be associated with greater stress reactivity and cognitive slips and failures in an everyday 
setting. In addition, the effect of schizotypy on stress and cognitive slips and failures will 
vary throughout the day. We also hypothesised that schizotypy would be related to poorer 
cognitive ability and those with lower cognitive ability would experience more cognitive slips 
and stress in the flow of everyday life. Higher levels of schizotypy did predict higher levels 
of experience sampling momentary stress, cognitive slips and failures as well as predicting 
the interaction between these two variables. Contrary to expectations, higher cognitive ability 
as captured through the CogState predicted higher levels of momentary stress and the 
interaction between stress and cognitive slips and failures, but not independently predict ESM 
slips and failures. Time of day was only a significant predictor of the interaction between 
cognitive slips and momentary stress. Finally, in this study there was no association between 
higher schizotypy and poorer cognitive ability. Therefore, while high schizotypes had intact 
laboratory assessed cognitive ability, they did report more cognitive slips and failures in the 
flow of their daily lives and these appeared to be related to momentary stress levels.    
 
To summarise, the key findings of the three empirical chapters are: 
 
1. There is a significant difference between high and low schizotypes free-floating cortisol 
levels (Chapter 5). 
2. Individuals with high schizotypy reflect individuals with schizophrenia spectrum disorder 
by demonstrating a blunted cortisol response to acute psychosocial stress (Chapter 5).  
3. Individuals with high schizotypy report more life events and daily hassles compared to 
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those with lower schizotypy, also reflecting a similarity between schizotypy and those at the 
clinical end of the psychosis continuum (Chapter 6). 
4. Naturalistic stressors occurring in the flow of everyday life did not explain trial-and-error 
learning performance (Chapter 6). 
5. Acute social stress  does adversely and also differentially affect spatial trial-and-error 
learning in high compared to low schizotypes (Chapter 6). 
6. Schizotypy is a positive predictor of momentary stress and momentary cognitive capacity 
in everyday life (Chapter 7). 
 
When taken together, these Chapters suggest there is a complex interplay between 
schizotypy and stress. They have also highlighted the importance of considering cognition in 
conjunction with schizotypy and stress, a consideration which is largely absent from existing 
research and therefore presents a significant contribution to the literature. Our findings 
suggest that individuals with schizotypal traits have a differential relationship between some 
stress and also some aspects of cognition. Understanding the functional effects of high 
schizotypy in the general population provides identification of potential targets for 
intervention in those who experience negative effects on their functioning. The differences 
between high schizotypes and those at the clinical end of the psychosis continuum may 
provide insight into different trajectories people may take along this continuum. Additionally, 
the results in these studies support the consideration of cognitive impairment as an 
endophenotypic marker for schizophrenia spectrum disorder. However, this thesis highlights 
that this is not the case for all aspects of cognition and for those with schizotypal traits 
additional stressors may need to be present to bring reductions in cognitive capacity to the 
fore. The implications of our findings will now be considered in the context of our 
overarching hypotheses and the psychosis continuum. 
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8.2 Implications for schizotypy 
The first area of interest in regard to schizotypy within the present thesis, was its 
relationship with stress reactivity and response. We investigated this by using both subjective 
and objective stress measures involving online and retrospective methods. We view this as an 
advantage of the present thesis, objective measures take into account easily identifiable 
events and as such the results have a predictive element to them that is highly useful within 
health and psychology research (DeLongis et al., 1988). A disadvantage of objective 
measurement is that it implies the events alone are the precipitating cause of pathology and 
its consequences (DeLongis & Holtzman, 2005). This contradicts the widely held view that 
people are active members of their environments, with various coping measures at their 
disposal (Lazarus, 2006). Alternatively, a subjective measure seeks to view stress as the 
cognitively mediated emotional response to the event, not as a result of the event itself 
because it is dependent on personal and contextual factors (Mason, 1971). These include 
subjective ratings of distress in response to life events, perceived stress or experiences 
perceived as hassles rather than positive or even neutral experiences in the day. By using 
subjective and online measures of stress we were able to investigate any differences that exist 
between these types of stressor. At present, the mechanisms which underpin stress reactivity 
in those along the psychosis continuum are poorly understood, we were also able to partially 
investigate one of the mechanisms which underpin stress response in the form of cortisol. 
The second area of interest in schizotypy within this thesis was its potential impact on 
cognition. The studies contained within this thesis have partially supported the notion of 
cognitive deficits within schizotypes and more broadly cognition as an endophenotype of 
psychosis. However, not all cognitive task performances assessed in this thesis were reduced 
in those who scored highly on schizotypy. The existing literature is contradictory, with as 
many studies reporting cognitive impairments in high schizotypes compared to low or 
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average schizotypes (Cappe, Herzog, Herzig, Brand, & Mohr, 2012; Ivan Koychev, El-
Deredy, Haenschel, & Deakin, 2010; A. B. Miller & Lenzenweger, 2012b), while others 
suggest that cognition remains intact (Kane et al., 2016; Schmidt-Hansen & Honey, 2014). 
Rather than the relationship between schizotypy and laboratory assessed cognition being 
straight forward, instead it may be that certain types of cognitive performance are reduced in 
schizotypes as a function of exposure to stress. That naturalistic stressors did not alter 
statistical significance in considering the effects of schizotypal group on trial and error 
learning, suggesting that ambient stress may not be sufficient to compromise schizotypes 
cognitive ability. It seems that cognitive performance is only affected when individuals must 
draw on their available (or more specifically, already depleted) cognitive resources; which is 
most likely to be when they are under higher levels of, or more acute stress.  
Chapter 7 reported that stress in addition to schizotypy, positively predicted cognitive 
slips and failures. This suggests that stress reactivity is involved independently alongside 
schizotypy, to predict impairments in daily cognitive capacity.  Given the presence of 
increased stress reactivity above (Dvir, Denietolis, & Frazier, 2013; Holtzman et al., 2013) 
and below (Cullen, Fisher, et al., 2014; Docherty, St-Hilaire, Aakre, & Seghers, 2009) the 
clinical threshold for psychotic illness, it is possible that the influence of stress reactivity on 
cognitive failures is compounded by presence of schizotypal traits  
It is also important to note the apparent disparity that exists between objective and 
subjective measures of cognition. Objective cognition measured through lab assessments 
relates to an individual’s ability to perform under optimal conditions (Plomin, 1999). 
Generally, this will also involve being able to complete tasks across multiple domains and 
provides a measure of cognitive ability (Gottfredson, 1997). In contrast subjective assessment 
involves an individual’s perceptions of how well they can function in the real world, it 
involves their ability to put their knowledge into practice in a functional way, rather than 
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performance in a specific domain. Research has demonstrated those with lower cognitive 
ability have greater subjective impairment (Dael et al., 2006). However, our results contradict 
this, in Chapter 7, better cognitive ability predicted cognitive slips and failures. It may be that 
better cognitive ability means individuals have greater insight into the occurrence of 
attentional impairments in daily life. This heightened awareness may result in more accurate 
subjective reporting of the experience of cognitive failures. This suggestion is supported by 
research into self-awareness in schizotypy which has shown that below the clinical threshold 
for illness, self-awareness remains intact even in the face of objective deficits (Laws et al., 
2008). As such even individuals with high schizotypy are aware and able to report cognitive 
failures in the flow of everyday life. 
Chapter 6 considered the role schizotypy may play in impaired learning. The impact 
of schizotypy was not a simple one. While individuals with high schizotypy did experience 
impaired learning, it was only in the face of acute stress, as such schizotypy in and of itself 
was not enough to produce impairment. This may present a potential point of difference 
between individuals below and above the clinical threshold as deficits in learning have been 
previously reported in schizophrenia spectrum disorders (Corbett et al., 2018; Mazhari & 
Moghadas Tabrizi, 2014). Learning is highly sensitive to the experience of stress (Joëls et al., 
2006),  it may be that stress must be present in order for the demands of the task to exceed to 
capacity of the individual with high schizotypy. This also suggests that the nature of the 
relationship between schizotypy, stress and cognitive may be dependent on the cognitive task 
at hand and the type of stress being assessed. Therefore schizotypy represents a contributory 
risk factor for reduced cognitive performance rather than being exclusively associated with 
poor performance. The differences seen in the findings in the present thesis may also come 
down to the types of cognition being assessed. Cognitive failures reflect an individual’s 
capacity to function in the complex situation of daily life, which includes a range of dynamic 
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factors and multiple cognitive abilities operating in sync. Cognitive performance on an 
objective task such as learning, while able to provide a measure of optimum ability, cannot 
provide an account of how individuals function in their everyday environments with the 
competing demands and confounds of daily life. There is some existing research which 
suggests a high load needs to be present before cognitive deficits are seen in high schizotypes 
(Braunstein-Bercovitz, Hen, & Lubow, 2004; Braunstein-Bercovitz & Lubow, 1998; 
Koychev et al., 2016). The increased load may be due to the excessive cognitive demands of 
the task, or the nature of the task itself, such as the inclusion of emotionally loaded stimuli. 
The research presented here may support this theory, as it was only under excessive stress 
that learning performance became impaired, however further research is needed which can 
combine various cognitive assessments, with measures of cognitive load to provide further 
clarity.  
8.3 Clinical implications 
 Given the aims of the current thesis, consideration of the clinical implications of the 
present work must start with its alignment with the clinical staging model. The clinical 
staging model is based on epidemiological evidence that psychiatric disorders evolve across 
the course of the illness, particularly in terms of severity and psychological entrenchment 
(McGorry et al., 2014). The ability to differentiate early and mild clinical phenomena from 
those that indicate progression of illness is a key aim of this model. This has led to an 
emphasis on pre-emptive or preventative psychiatry; which requires the ability to predict 
those who are most at risk of progression along the continuum of illness (McGorry, 2010).  
 Consistent with the aims of the clinical staging model is the definition of the at risk 
mental state (ARMS) for psychosis. According to the ARMS conceptualisation of transition, 
prior to the first psychotic episode, we should observe a ‘prodromal’ period (Alison R Yung 
et al., 2005). This period includes the presence of a high number of attenuated psychotic 
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symptoms alongside a noticeable decline in cognition and everyday function (Valmaggia et 
al., 2013). The motivation behind the ARMS research aligns with the clinical staging model 
in that the aim is to capture individuals before they become clinically unwell. However, the 
ARMS and subsequent ultra-high risk (UHR) concept has recently come under scrutiny due 
to its unsupported fixation on psychosis as the only transition outcome of interest, at the 
expense of multiple other psychopathologies (van Os & Guloksuz, 2017). Additionally, 
despite more than 1500 articles focussing on populations considered at UHR for transitions,  
ARMS has been criticised for lacking specificity, in that, most people who meet ARMS 
criteria do not ever go on to transition to frank psychosis (Simon et al., 2011). In fact, a meta-
analysis including over 2500 ‘high-risk’ participants, showed that even after 3 years follow-
up, transition risk was only 36% (P Fusar-Poli et al., 2013). This leaves us with 64% of 
individuals who will not transition to psychotic illness, but whom are still likely (due to the 
nature of the ARMS definition) to experience significant impairments in function and 
persistent symptomology which interferes with quality of life (Morrison et al., 2006; L J 
Phillips et al., 2007; Valmaggia et al., 2013).  Additionally,  a study by Conrad et al. (2017) 
demonstrated that help-seeking young people (the population of interest in ARMS) who met 
UHR criteria showed approximately the same 10 year transition rate as those help-seeking to 
the same service with non-psychotic disorders. This suggests that by the time an individual is 
help-seeking, it may be too late to intervene meaningfully, as there appears to be a general 
toxicity to an at-risk but clinically undifferentiated state.   
To bring this back to the clinical staging model, according to (McGorry et al., 2014) 
there are a series of distinct stages to the ‘transition’ to psychotic disorder 1) the move from 
being asymptomatic to undifferentiated general symptoms e.g. anxiety, depression, somatic 
issues, 2) from here new symptoms are acquired along with a decline in functioning, 3) the 
occurrence of the first psychotic episode , 4) development of persistent symptoms, and finally 
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5) unremitting illness. Also, while remission and amelioration of symptoms is said to be 
possible at any point, it becomes less and less likely the further along the stages the 
individual progresses. Despite this conceptualisation and over 1500 articles investigating 
early intervention in UHR and prevention of transition, the rates of transition to illness have 
not been significantly affected by the ARMS (Simon et al., 2011; van Os & Guloksuz, 2017).  
As such, we suggest (perhaps controversially) research should focus on more broadly present 
person-specific factors of psychopathology which affect function rather than a set of UHR 
criteria. This proposition is supported by the knowledge that meta-analyses of intervention 
studies in UHR samples have not demonstrated a significant effect on functional outcomes in 
these populations (S J Schmidt et al., 2015).   
Given the far larger rates of subclinical psychotic symptoms in the general population 
compared to rates of psychotic disorders, some research has suggested that identifying 
modifiable factors and making small changes which will affect a broader majority of the 
population could potentially result in more functional benefits than targeting the small 
amount of people at the extreme end of the continuum (David, 2010). Borrowing from the 
realm of preventative medicine, targeting interventions at the non-clinical end of the 
continuum, focussing on factors which are useful to modify for a wide variety of individuals 
(such as stress and cognitive capacity), may result in a shift of the entire distribution so that 
ultimately less people end up passing the threshold into clinical illness (Rose, 1992). When 
considering this, a key element often overlooked within stress literature regarding psychosis 
is individual differences. The same event may occur to two people (e.g. death of a spouse due 
to illness), however while the first individual meets this event with depression, grief and 
distress, the second individual feels a sense of relief alongside their grief. These two differing 
reactions to the same event suggest that stress is a highly subjective phenomenon (Keenan, 
2010; Krohne, 2002). The upside to this is also that if two people can have different reactions 
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to an event (one dysfunctional and the other less so) then it should be possible to influence 
reactions to stress (or at least how one copes with it) at an individual level. In terms of 
schizophrenia spectrum disorders this provides us with a potential target for intervention. For 
example within the broader stress literature there is some evidence of stress being implicated 
in differing trajectories towards psychopathology, but thus far the focus has been on affective 
disorders (Kuo, Sun, & Tang, 2017), and extreme stress such as grief and bereavement 
(Sveen, Johannesson, Cernvall, & Arnberg, 2018). In line with the nature of individual 
differences, while stress can be linked to the progression of psychopathology, it can also be 
associated with positive outcomes such as personal growth (Klaas, Recksiedler, Loter, Perrig-
Chiello, & Hollstein, 2017). A deeper understanding of the nature of individual differences 
within the psychosis continuum can provide knowledge about factors which may be involved 
in differentiating trajectories of response to stress and may also provide targets for 
interventions.  
To consider this further in the context of our results, we have demonstrated here that 
individuals with high schizotypy do experience many of the same abnormal stress responses 
as those at the clinical end of the continuum such as blunted cortisol release and stress 
reactivity (Walter et al., 2018). We have also demonstrated in the systematic review that 
stress is involved at all stages of continuum; as such stress hardiness training could be used 
not only as an effective intervention technique to prevent the transition from psychosis to 
clinical illness but also to help mitigate the negative effects of stress which all people along 
the psychosis continuum seem to experience to some extent. Stress hardiness is a personality 
disposition which is a source of resilience when encountering stress (Kobasa, 1979), allows 
up to adapt to demanding environments (Hystad, Eid, Johnsen, Laberg, & Thomas Bartone, 
2009) and potentially may moderate the relationship between stress and health (Eschleman, 
Bowling, & Alarcon, 2010). Stress hardiness programs can include a number of modules, 
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however they commonly focus on qualities such as problem-resolution, conflict management, 
stress management, and learning to reframe issues from an internal to an external locus of 
control (Tavousi, 2015). At present there is a paucity of research considering stress training in 
people with psychotic disorders, however a program in these individuals aimed at increasing 
efficacy around coping with stress did demonstrate positive results, with a reduction in 
mainly positive measures of psychotic symptoms reported and maintained at 6-month follow-
up (Pérez, Godoy-Izquierdo, & Godoy, 2013). Additionally, while no studies have focussed 
on the effect of stress hardiness in schizotypy, programs have shown promising effects of 
hardiness training on post-partum depression (Bakhshizadeh, Shiroudi, & Khalatbari, 2013), 
stress in non-clinical samples such as college students (Hasel, Abdolhoseini, & Ganji, 2011) 
and nursing staff (Judkins, Reid, & Furlow, 2014), and most recently has even been shown to 
moderate the relationship between bullying and anxiety (Reknes, Harris, & Einarsen, 
2018).Research has shown the longer the patient has dealt with psychotic illness the less 
effective intervention is (Bechdolf et al., 2005), therefore intervening before an individual 
transitions to their first episode could be a promising target for prevention. Schizotypy as a 
personality factor representing latent vulnerability for schizophrenia, thus also provides a 
potential population who not only may benefit generally from stress hardiness; in keeping 
with our hypothesis regarding targeting a majority rather than a minority who have reached 
clinical illness, stress hardiness training may help protect individuals from crossing the 
threshold into psychotic illness. 
Along this same line of thought, neurocognition is a potentially valuable target for 
modification. The present thesis highlighted the meaningful effect of schizotypy on cognitive 
functioning in a non-clinical sample, who were otherwise healthy. Chapter 7 emphasised the 
fluctuating nature of cognition through daily life, and the impact schizotypy and stress have 
on our ability to function cognitively. Interventions aimed at targeting cognition and 
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cognitive complaints have the potential to improve daily functioning in high schizotypes, and 
potentially protect against decompensation.  
Attention is crucial to both cognitive failures and learning, as such cognitive 
remediation, may be a promising target for intervention. Techniques for cognitive 
remediation are aimed at improving cognitive capability and providing alternative options for 
individuals to manage and reduce their cognitive complaints (Pillet et al., 2014). There are a 
variety of remediation programs (e.g. brain training apps, learning strategies, group-based 
programs and compensatory aids) that could be applied to improve attentional functioning. 
For example the use of mindfulness-based programs has been shown to reduce distractibility 
and thus improve attentional control (Jain et al., 2007), and a recent cognitive remediation 
program by Lanfredi et al. (2017) has even demonstrated some positive effects of increased 
visual attention (through remediation therapy) on the negative symptoms of schizophrenia 
(classically thought of as the most difficult to modify). As such, cognitive remediation 
programs focussing on improving attention seems to be a feasible and promising option for 
individuals both below and above the clinical threshold for psychotic illness. This will be 
discussed in further detail in the next section. 
8.4 Limitations and future research 
  
We have thus far spoken of the limitations present in each individual study, we will 
now consider the limitations present in the thesis as a whole. The first and most obvious 
being the use of undergraduate samples in each study and the relatively young mean age of 
the samples. While this may indeed limit the broad generalisability of the results, it does not 
make our findings meaningless. First episodes of psychosis generally emerge between the 
ages of 19-25 (Kessler et al., 2005), and the frequency of psychotic symptoms in general  
have been shown to lessen with age (Badcock & Dragović, 2006), as such undergraduate 
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samples seem able to capture individuals who may have begun to express symptoms but 
before any decompensation has occurred. It is also possible that by using an undergraduate 
sample we have been conservative in our approach; higher education is a protective factor 
against mental illness (Bjelland et al., 2008) and the ability to complete a university degree 
requires a number of adaptive and cognitive qualities in an individual. As such the samples in 
the current studies would be expected to have high and relatively good adjustment. Further 
research should extend to wider populations such as those who left school at sixteen years of 
age and did not attend university. Additionally, given the established links between cognitive 
decline and aging (Mata, von Helversen, Karlsson, & Cüpper, 2012), future research could 
seek to determine whether the relationships identified between stress and cognitive capacity 
remain or indeed might be affected by factors associated with aging, for example social 
network changes. Cognitive impairment has been shown to be affected by social contact and 
support (Seeman et al., 2011). As we age the size of our social networks tends to decrease 
(Tilburg, 1998), additionally personality factors such as schizotypy are known to affect an 
individual’s ability to engage and benefit from social contact (A. S. Cohen et al., 2015), as 
such it may be useful to consider the effect of age-related changes to social networks on 
cognitive impairment and whether schizotypy might be a mediating factor in this relationship. 
The use of a single measure of schizotypy provided us with consistency across 
studies, which is often lacking in current research. Despite this, only using a self-report 
measure of schizotypy may also be a potential limitation. Self-report measures require the 
individual to have insight into their internal experiences and to be able to understand the 
nature of the questions being asked. We must also consider the possibility that participants 
may have answered in what they believe to be a socially desirable way. There is still great 
stigma associated with the experience of psychotic like symptoms, as such participants may 
have falsely responded in the negative to appear socially acceptable and “normal” (Hanssen, 
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Bijl, Vollebergh, & Van Os, 2003). Having said this, self-report measures are still capable of 
detecting psychotic like experiences in non-clinical groups with good accuracy (Kelleher, 
Harley, Murtagh, & Cannon, 2011).  
In a broad sense, we have demonstrated that individuals high in schizotypy are still 
able to function relatively well in their day to day lives. Not all individuals with high 
schizotypy will become mentally unwell (McCreery & Claridge, 2002), to advance our 
understanding of what might separate a seemingly ‘healthy’ schizotype from a potentially 
‘unwell’ one warrants further examination. A key element in the definition of health is the 
ability to function well in an everyday sense and adapt to the challenges of life (Huber, 2011), 
as such refining research investigating schizotypy to include measures of function would be a 
useful target for future investigation. For example, alongside our measure of cognitive 
function (cognitive slips and failures) a study incorporating additional measures of function 
not captured in the current thesis such as emotional wellbeing and social functioning could be 
included alongside a measure of schizotypal traits to provide a holistic account of factors 
which may point to areas of difference within the schizotypal population itself. 
The present body of work has been able to demonstrate there is indeed a relationship 
between schizotypy, stress, and cognition. However, we have not been able to completely 
investigate the nature of this relationship. As both stress and cognitive impairment appear to 
be significant factors involved in the development and outcome of psychotic disorders (Butts 
et al., 2013), a better understanding of the mechanisms underpinning these relationships 
seems worthy of further investigation. Chapter 5 demonstrated that HPA axis activity is 
altered in high schizotypes much as in schizophrenia spectrum disorders, this was 
demonstrated through the observed blunted cortisol response to acute stress. While Chapter 5 
presented useful findings and helped to contribute to our first thesis aim of investigating 
various types of stress, we were only able to assess HPA stress response following a single 
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one-time stressor. Chapter 7 demonstrated that in daily life people tend to actually experience 
identical stressors many times over. Repeated stress exposure has been shown to negatively 
impact HPA habituation (Gianferante et al., 2014). Further, failure to habituate to repeated 
stressors is suggested to have negative implications for health (McEwen & Lasley, 2003). It 
is therefore important for future research to consider biological responses to the repeated 
stressors of everyday life. The ESM paradigm used within this thesis presents an ideal 
opportunity to do just this, by giving the researcher the ability to record momentary stress and 
both the immediate and lagged responses of the stress system. This combined with the 
measures of daily functioning previously mentioned along with schizotypal traits may give 
insight into  the interindividual differences involved in the effects of everyday stress, and 
their implications for health and functioning. 
Finally, to consider future research beyond the aims of the present thesis. We know 
that cognitive impairment is a contributor to poor functioning and outcomes in psychotic 
disorders (G Donohoe et al., 2017), and are present prior to the emergence of clinical 
symptoms. As such , behaviour-based therapies designed to target cognitive deficits are  
useful for prevention, but also to improve the daily functioning of those with personality trait 
vulnerability for psychosis. One such therapy is cognitive remediation (CR). Cognitive 
remediation uses graded training and focusses on cognitive skill difficulties including 
attention, problem-solving, planning, organisation and even social cognition.  The is aim to 
gradually increase these skills through practice, often using computer assisted brain training 
programs (Gomar et al., 2015). As yet cognitive remediation has not been used in a 
schizotypal sample, although Holzer, Urben, Passini, Jaugey, and  Herzog, (2014) have 
shown that computer assisted cognitive remediation improves cognitive function, and 
psychosocial symptoms in adolescents at-risk for psychosis. Additionally, a large scale meta-
analysis found CR to result not only in cognitive gains, but also in benefits to social and 
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occupational functioning (Wykes, Huddy, Cellard, Mcgurk, & Czobor, 2011). Given the 
apparent benefits to CR, even in populations who have transitioned to frank illness, future 
research should consider the potential benefits of CR in individuals putatively at-risk for 
psychosis but who have not experienced any decompensation. Particularly given that even in 
these groups we do still observe impairment in daily functioning through increased cognitive 
slips and failures. We suggest that a study designed to assess the impact of cognitive 
remediation in conjunction with a stress hardiness (SH) program is the next logical step in 
assessing the potential for modification of variables involved in the pathogenesis of psychotic 
illness. For example, using a longitudinal study targeting high schizotypes with four 
treatment combination groups; group one receiving the CR program, group 2 the SH, group 3 
a combination of both and finally a waitlist control group. Assessing measures of cognitive 
capacity, psychosocial functioning and subclinical psychotic experiences. Given the 
reciprocal relationship between momentary stress and cognitive failures noted in the current 
thesis, we believe this presents a strong target for future investigation. Additionally, with the 
knowledge that while not all schizotypal individuals transition into clinical psychotic illness, 
they do still experience negative consequences of high schizotypy, the population as a whole 
could potentially benefit from cognitive skill improvement and increased stress hardiness. 
8.5 Conclusions 
 
This thesis has important implications for understanding potential markers that 
differentiate individuals on the psychosis continuum. In particular, there is likely not a single, 
simple, unified relationship between stress and cognitive outcomes. Rather, depending on the 
types of stress, schizotypy will be associated with different effects on cognition. Ultimately, 
only a small proportion of people with high schizotypy will ever transition to illness. There is 
a far larger proportion of people who will live their lives with schizotypal traits, that do put 
them at risk for other outcomes aside from transition to a diagnosable mental health disorder. 
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Research increasingly needs to focus on the outcomes for those in the general population who 
express schizotypal traits to determine the strengths and vulnerabilities conferred by this 
personality constellation. A transition to a psychotic disorder is only one outcome for those 
who express schizotypy and this occurs in a relatively small proportion of individuals. 
Understanding the long-term consequences for those in the general population who express 
schizotypy could have far wider reaching positive consequences for the health and wellbeing 
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A.1 Example search strategy for systematic review 







 schizotypal personality disorder/ 
 schizotypal personality disorder*.tw. 







 daily hassles/ 
 daily hassles*.ti,ab. 
 life events/ 
 life events*.ti,ab. 
 trauma/ 
 trauma*.ti,ab. 
10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 17 or 18 or 19 or 19 or 20 or 21 













 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31or 32 or 33 or 34 or 35 





A.2 Quality assessment tool used in the systematic review 
 
Quality assessment Tool for Stress and Psychosis research 
A. Selection bias 
 
1- Are the individuals selected to participate in the study likely to be representative of the target 
population? 
2       1       0 
 
2 - What percentage of identified individuals agreed to participate?    
    
2       1        0 
 
3 - What is the sample size? 
2       1        0 
 
4 - Is there missing data/has it been compensated for? 
2       1        0 
 
B. Measurement of exposure – Stress 
 
5 - What was the quality of the stress measurement tool? 
2       1       0 
 
6 - Did the measure assess different types of stress? 
2       1       0 
 
C. Measurement of outcome – Psychosis  
 
7 - How was psychosis measured? 





8 - Was there an assessment of confounding and adjustment for it in the analysis? 
2       1       0 
 





A) SELECTION BIAS 
 
(Q1) Are the individuals selected to participate in the study likely to be representative of the 
target population? 
 
Score of 2 In general population studies, the entire sample was randomly selected. In case-
control/cohort studies, the sample was made up of cases (either psychosis assessed as 
present from multiple locations OR documented evidence of stress exposure) and 
randomly sampled controls (either no evidence of psychosis OR no documented 
evidence of stress exposure).  
Score of 1 The sample was made up of either cases only or randomly sampled controls, or there 
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were no control subjects. Cases were referred from a single source. 
Score of 0 There was a non-random selection process or the sampling method was not reported. 
 
(Q2) What percentage of selected individuals agreed to participate? 
 
Score of 2 70-100% of participants. 
Score of 1 50-69% of participants. 





(Q3) What is the sample size? 
 
Score of 2 At least 100 subjects in case and control groups (in general population samples, the 
same rule applies for those with psychotic traits and those without); and/or evidence of 
a sample size calculation of adequate statistical power. 
Score of 1 At least 50 subjects in each group. 
Score of 0 Less than 50 subjects in each group. 
  
(Q4) Missing data/dropout rates 
 
Score of 2 Comparability between responders and non-responders/drop-out is established or not 
applicable. 
Score of 1 Missing data reported but comparability/compensation for missing data not reported 
Score of 0 Not reported 
 
B) MEASUREMENT OF EXPOSURE- Stress 
(Q5) What was the quality of the stress measurement tool? 
 
Score of 2 Semi-structured interview measure or documented evidence (e.g. forensic report/social 
services’ records) or standardised medical measure (e.g. cortisol/PET/fMRI) 
 
Score of 1 Checklist measure, administered as an interview. Validated self-report measure 
 







(Q6)  Did the measure assess different types of stress within each category (e.g. traumas/life 
events/daily hassles)? 
 
Score of 2 There was an assessment of different types of stress and they were analysed separately/ 
Not applicable 
Score of 1 There was an assessment of different types of stress but they were not explored 
separately in the analysis. 
Score of 0 No distinction was made between different types of stress, or not reported. 
 




(Q7) How was psychosis measured? 
 
Score of 2 Structured assessment by clinician  
Score of 1 Structured assessment by trained research worker or self-report standardised measure 
for psychosis. 




(Q8) Was there an assessment of confounding and adjustment for it in the analysis? 
 
Score of 2 Potential confounders were measured and adjusted for in the analysis (e.g. basic 
demographic information and other risk factors- such as genetic risk, substance use, 
depression/anxiety levels, coping style). 
Score of 1 Adjustment for basic demographics. 





A.3 List of studies excluded from the systematic review 
Studies were excluded for the following criteria: (1) did not report on the impact of stress, (2) review or meta-
analysis, (3) non-data article, (4) article did not focus on participants with a primary risk or diagnosis of 
schizophrenia, (5) article used animal models, (6) article did not contain a non-psychiatric control group, (7) 
article investigated a prenatal only stressor, (8) article utilised the same participant group in a previous study, (9) 
article was concerned with treatment/intervention outcomes  
 
 
The studies are listed in detail here with the primary reason for their exclusion:  
Criterion 1: Article was not primarily about the relationship between stress and psychosis (N=48) 
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2 Begemann, M. J. H., Daalman, K., Heringa, S. M., Schutte, M. J. L., & Sommer, I. E. 
C. (2015). Letter to the Editor: Childhood trauma as a risk factor for psychosis: 
The confounding role of cognitive functioning. Psychological Medicine, 
46(2016), 1–4. http://doi.org/10.1017/S003329171500255X 
3 Berg, A. O., Aas, M., Larsson, S., Nerhus, M., Hauff, E., Andreassen, O. A., & Melle, 
I. (2015). Childhood trauma mediates the association between ethnic minority 
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Medicine, 45, 133–142. doi:10.1017/S0033291714001135 
4 Bosqui, T. J., Shannon, C., Tiernan, B., Beattie, N., Ferguson, J., & Mulholland, C. 
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B.1 Schizotypal Personality Questionnaire 
SPQ 
 
Please answer each of the items by circling either Yes or No.  Answer all items even if unsure of your 
answer.  When you have finished, check over each one to make sure that you have answered them. 
 
1. Do you sometimes feel that the things you see on the TV or read in the 
newspaper have special meaning for you? 
Yes No 
2. I sometimes avoid gong to places where there will be many people because I 
will get anxious. 
Yes No 
3. Have you had experiences with the supernatural? Yes No 
4. Have you often mistaken objects or shadows for people, or noises for a voice? Yes No 
5. Other people see me as slightly eccentric (odd). Yes No 
6. I have little interest in getting to know other people. Yes No 
7. People sometimes find it hard to understand what I am saying. Yes No 
8. People sometimes find me aloof and distant. Yes No 
9. I am sure I am being talked about behind my back. Yes No 
10. I am aware that people notice me when I go out for a meal or to see a film. Yes No 
11. I get very nervous when I have to make polite conversation. Yes No 
12. Do you believe in telepathy (mind-reading)? Yes No 
13. Have you ever had the sense that some person or force is around you, even 
though you cannot see anyone? 
Yes No 
14. People sometimes comment on my unusual mannerisms and habits. Yes No 
15. I prefer to keep to myself. Yes No 
16. I sometimes jump quickly from one topic to another when speaking. Yes No 
17. I am poor at expressing my true feelings by the way I talk and look. Yes No 
18. Do you often feel that other people have got it in for you? Yes No 
19. Do some people drop hints about you or say things with a double meaning? Yes No 
20. Do you ever get nervous when someone is walking behind you? Yes No 
21. Are you sometimes sure that other people can tell what you are thinking? Yes No 
22. When you look at a person, or yourself in a mirror, have you ever see the face 
change right before your eyes? 
Yes No 
23. Sometimes other people think I am a little strange? Yes No 
24. I am mostly quiet when I am with other people. Yes No 
25. I sometimes forget what I am trying to say Yes No 
26. I rarely laugh and smile. Yes No 
27. Do you sometimes get concerned that friends or co-workers are not really 
loyal or trustworthy? 
Yes No 
28. Have you ever noticed a common event or object that seemed to be a special 
sign for you? 
Yes No 
29. I get anxious when meeting people for the first time. Yes No 
30. Do you believe in clairvoyancy (psychic forces, fortune telling)? Yes No 
31. I often hear a voice speaking my thoughts aloud? Yes No 
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32. Some people think I am a very bizarre person. Yes No 
33. I find it hard to be emotionally close to other people. Yes No 
34. I often ramble on too much when speaking. Yes No 
35. My "non-verbal" communication (smiling and nodding during a conversation) 
is poor. 
Yes No 
36. I feel I have to be on my guard even with my friends. Yes No 
37. Do you sometimes see special meaning in advertisements, shop windows, or 
in the way things are arranged around you? 
Yes No 
38. Do you often feel nervous when you are in a group of unfamiliar people? Yes No 
39. Can other people feel your feelings when they are not there? Yes No 
40. Have you ever seen things invisible to other people? Yes No 
41. Do you feel that there is no one you are really close to outside of your 
immediate family or people you can confide in or talk to about personal 
problems? 
Yes No 
42. Some people find me a bit vague and elusive during a conversation. Yes No 
43. I am poor at returning social courtesies or gestures. Yes No 
44. Do you often pick up hidden threats or put-downs from what people say or 
do? 
Yes No 
45. When shopping do you get the feeling that other people are talking notice of 
you? 
Yes No 
46. I feel very uncomfortable in social situations involving unfamiliar people. Yes No 
47. Have you had experiences with astrology, seeing the future, UFOs, ESP or a 
sixth sense? 
Yes No 
48. Do everyday things seem usually large or small? Yes No 
49. Writing letters to friends is more trouble than it is worth. Yes No 
50. I sometimes use words in unusual ways. Yes No 
51. I tend to avoid eye contact when conversing with other people. Yes No 
52. Have you found that it is best not to let other people know too much about 
you? 
Yes No 
53. When you see people talking to each other, do you often wonder if they are 
talking about you? 
Yes No 
54. I would feel very anxious if I had to give a speech in front of a large groups 
of people. 
Yes No 
55. Have you ever felt that you are communicating with another person 
telepathically (by mind reading)? 
Yes No 
56. Does your sense of smell sometimes become unusual strong? Yes No 
57. I tend to keep in the background on social occasions. Yes No 
58. Do you tend to wander off the topic when having a conversation? Yes No 
59. I often feel that others have it in for me. Yes No 
60. Do you sometimes feel that other people are watching you? Yes No 
61. Do you ever suddenly get distracted by distant sounds that you are not 
normally aware of? 
Yes No 
62. I attach little importance to having close friends. Yes No 
63. Do you sometimes feel that people are talking about you? Yes No 
64. Are you thoughts sometimes so strong that you can almost hear them? Yes No 
65. Do you often have to keep an eye out to stop people from taking advantage of 
you? 
Yes No 
66. Do you feel that you are unable to get "close" to other people? Yes No 
232 
 
67. I am an odd, unusual person. Yes No 
68. I do not have an expressive lively way of speaking. Yes No 
69. I find it hard to communicate clearly what I want to say to people. Yes No 
70. I have some eccentric (odd) habits. Yes No 
71. I feel very uneasy talking to people I do not know well. Yes No 
72. People occasionally comment that my conversation is confusing. Yes No 
73. I tend to keep my feelings to myself. Yes No 










1. Subject (S) 
2. Experimenter (E): E is responsible for guiding the subject from one room to another and 
debriefing the subject. 
3. Confederates (C): Three confederates are used. None should have had contact with S prior to 
the TSST. The confederates may be of any gender. 
 
NOTE: Confederate 1 (C1): C1 will be the only person to speak to S during the TSST. Confederates 2 
and 3 (C2 and 3) “take notes” during the procedure. 
 
b) Materials 
1. Lab coats (for each confederate) 
2. Questionnaires 
3. Scripted Material: Script for introduction to the TSST, instructions for the mathematics task, 
and debriefing script. Copies of the Speaking Task and Debriefing scripted material can be 
found at the end of this file. Evaluators should be familiar with this script well in advance of 
task. 
4. Two timers with an audible ticking and alarm. 
5. Video camera 
6. Cassette recorder (to play instructions) 
7. Three clipboards and notepads (for each C) 
8. Salivettes for salivary cortisol samples. 
 
NOTE No microphone stand or TV monitor (for subject to observe themselves) is to be used.  
c) Environment 
1. Preparatory Room: Room A 
a) This room should have a comfortable chair or sofa, and bland reading material for the 
subject. 
b) The subject is placed in this room before and after the TSST. 
c) Paper and pencil/pen with a writing area (clipboard or small table) are available for writing. 
 
2. Testing Room: Room B 
a) Testing Room should be a plain room containing a desk with three chairs behind it. 
b) The Testing Room is the room in which the instructions are given and the speech/math task 
is conducted. 
c) The video camera is set on a tripod behind the Cs.  
 
NOTE iii. If only one room is available, the room should have all the available equipment listed in the 
two rooms above, including two chairs in front of the desk (for the subject and E) and three chairs 






Room A:   
Salivettes for salivary samples are labeled. No TV is allowed while the subject is in this room. Light 
reading material is available prior to basal measures. 
 
Room B: 
1. Cs wear white lab costs and are seated behind desk. 
2. Clipboards with notepad and pencil/pen for each C. 
3. Video camera is focused on subject. The record light should be on and visible to the subject. 
4. Timer is easily visible to subject and the ticking is audible. Subject can see the time left on the 
timer. 
5. C1 will have scripts to read. 
6. Cassette recorder is on desk. 
e) Initial Procedures Prior to Speaking Task 
1. Subject should arrive between 1:00 and 5:00 PM (during a period of relative quiescent of the 
HPA axis). All times should be similar (within 60 minutes) within a study. 
2. Upon arrival the subject is greeted by E. 
3. Smoking: Nicotine dependent subjects should have a cigarette two hours prior to TSST. 
Alternately, subjects may be placed on an appropriate dose of nicotine patch. 
4. Caffeine: no caffeinated beverages should be consumed within two hours of the TSST. 
5. Diet: The subject should not eat within three hours of testing. 
6. The subject is escorted to Room A to relax. 
f) Basal Measures 
1. Following 10 minutes of preparation, testing procedures are begun. 
2. The following questionnaires are administered: VAS “How stressed are you right now?” 
3. Other site-specific questionnaires are administered after the VAS. 
4. Salivary cortisol are obtained following completion of the Questionnaires. Salivary cortisol 
measures are obtained at baseline (T1), and following an anticipation period immediately 
before stress induction (T2). Then after stress induction; (T3: 0min post task), 15mins 
following the stress induction task (T4), 30 mins post induction (T5), and finally 60 mins post 
induction (T6). 
g) Instructions for Speaking Task 
1. Immediately following completion of basal measures, the subject is escorted by E to Room B. 
E will knock on the Testing Room door and wait until C1 says to “come in.” The subject 
should be standing in front of the desk, the three Cs, and the video camera. 
2. The Cs acknowledge the arrival of the subject with a brief nod of their head. The Cs remain 
expressionless during the encounter and maintain eye contact with the subject throughout. 
Each C has a notepad on a clipboard in front of them. 
3. The E turns on the cassette recorder and the instructions for the TSST are played. The 
instructions are included at the end of this file. 
4. After the instructions are read, E leads the subject back into Room A. If the participant asks E 
any questions regarding the task, E responds “Do whatever you think is best” or “I do not 
know any other details." 
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h) Preparation for Speaking Task 
1. Upon arrival in the Room A, E sets the timer for ten minutes. 
In Room A, E will give subject a notepad to make notes for their speech. The subject will be 
given 10 minutes to prepare. Subject is told that the notepad is to help him/her prepare for 
their speech, but they will not be able to take their notes into Testing Room with them. 
2. E leaves the room for ten minutes. 
3. After the alarm goes off, E returns to Room A and a cortisol 
sample is obtained. 
i) Speaking and Math Task 
1. After the cortisol sample has been obtained (Section f), E will escort the subject from Room 
A into Room B. E will knock on the Testing Room door and wait until C1 says to “come in.” 
E should step outside the room and close the door. E should remain outside Testing Room 
until S has completed the TSST. 
2. Cs are to remain neutral in expression throughout the speaking and math 
task and to maintain eye contact with subject throughout the tasks.  




4. The timer is set for five minutes and C1 tells the subject “Please begin.” 
5. C2 and C3 should take notes appropriately every one minute, as if noting the subject’s 
performance. The comments should be brief so that C2s eyes are not taken off the participant 
for more than a glance. 
6. If the subject pauses for 20 seconds, the C1 will prompt the subject with “You still have some 
time. Please continue.” 
7. If the subject asks the Cs a question, C1 should make neutral comments, such as “Do 
whatever you think is best,” “Say whatever comes to your mind,” or “Be as creative as you 
like.” 
8. When the alarm sounds, C1 says “Please stop, your time is up.” 
 
Math Task 
9. C1 then tells the subject “Now we would like you to subtract number 13 from 6233, and keep 
subtracting 13 from the remainder until we tell you to stop. You should do the subtraction as 
fast and as accurately as possible." 
10. Whenever the subject makes an error, the subject needs to restart at 6233. C1 instructs the 
subject "That’s incorrect. Please start again from the beginning." If the subject has forgotten 
the starting number, C1 provides the number (6233) again. 
11. At the end of 5 minutes , C1 instructs the subject "Please stop, your time is up. You can go 
back to your room now." 
12. If the subject asks questions as to how he/she did, C1 responds “I am not allowed to tell you 
that. Someone will give you that information later.” 
 
NOTE Adverse Response 
If at any time the subject appears to be having an adverse reaction, i.e. begins to cry or seems overly 
agitated, C1 should ask the subject “Are you okay?" "Do you want to stop?” or “Are you okay to 
continue?" If the subject indicates that they wish to stop, C1 should stop the study immediately and 
notify the person in charge of the stress test that the participant has had an adverse reaction and needs 
to be debriefed. 
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j) Follow-up Measures 
1. E accompanies the subject back to Room A. 
2. A salivary cortisol salivette is obtained (at 0 min post-task). 
3. VAS are obtained. 
4. Subsequent salivary cortisol measures are obtained at 15, 30, and 60, minutes post-task. 
5. VAS is obtained immediately after each cortisol sample. 
k) Debriefing 
 
E debriefs the subject. See Debriefing Script at the end of this file. 
 
 
TSST Speaking Script 
“These three trained interviewers are here to assess how outgoing, gregarious, and comfortable you 
are in situations in which you must project yourself as an expert. This is a type of personality test for a 
trait called extraversion. You will be given a hypothetical situation in which you will be applying for 
your ideal job. In this hypothetical situation, you are applying for your ideal job. You have dreamed 
about working in this job for as many years as you can remember. You have just seen an 
advertisement for this perfect job and decided to apply. After submitting your application, you have 
been invited for an interview. The job pays a very large salary. You are competing against a lot of 
other candidates, and the final selection will be made based on your ability to convince the 
interviewers of how your experiences, abilities, and education make you a better candidate that the 
others. You will try to convince this panel of interviewers that you are the best candidate for the 
position. In addition, you will be asked to perform a mental math test, which will give us additional 
information about your working memory capacity.” 
“You will have 10 minutes to prepare a detailed speech. After the preparation time has elapsed, you 
will return and deliver your speech to these interviewers. Your speech should explain why you should 
get the job.” 
“Remember, you should try to perform better than all of the other participants. These examiners are 
specially trained to monitor and rate your speech for its believability and convincingness, and they 
will compare your performance to that of the others who perform this task. Also, you will be 
videotaped during the task so that the examiners can go over the videotape carefully and rate the 
contents of your speech as well as your nonverbal behaviour. Now let us go back to your room so that 
you can prepare for your job interview in the given 10 minutes.” 
 
Debriefing Script 
“You were not actually being evaluated of scored. You were not actually being recorded. Your 
performance is not compared to other participants. We are measuring a naturally occurring stress 
hormone in the body called cortisol. We wanted to see what happens to this hormone in your body 
under stress, that’s why we have been collecting samples from you. We are sorry that we didn’t tell 
you the truth about everything, but if we had, the situation wouldn’t be stressful. You did a good job. 




C.1 Life Events Questionnaire  
Instructions: In the table below are a number of life events. I would like you to indicate how many of these life events you have experienced over the last 
week by ticking either the Yes or No box as appropriate. For items 42 and 43 please respond to them for your current situation. For the life events which you 
have experiences could you indicate how stressful you found them regardless of whether you considered them to be positive or negative changes. Tick the 






Degree of stress experienced 
 Yes No 1 2 3 4 5 
1. Death of a partner        
2.Divorce        
3. Marital separation        
4. Jail term        
5. Death of a close family member        
6. Personal injury or illness        
7. Marriage        
8. Fired at Work        
9. Marital reconciliation        
10. Retirement        
11. Change in health of a family member         
12. Pregnancy        
13. Sex difficulties        
14. Gain of new family member        
15. Business readjustment        
16. Change in financial state        
17. Death of a close friend        
18. Change to a different line of work        
19. Change in number of arguments with partner        
20. Foreclosure of mortgage or loan        
21. Change in responsibilities at work        
22. Son or daughter leaving home        
23. Trouble with in-laws        
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24. Outstanding personal achievement        
25. Partner begin or stop work        
26. Begin or end school/university         
27. Change in living conditions        
28. Revision of personal habits        
29. Trouble with boss        
30. Change in work hours or conditions        
31. Change in residence         
32. Change in schools/college/uni        
33. Change in recreation        
34. Change in church activities          
35. Change in social activities        
36. Change in sleeping habits        
37. Change in number or family get-togethers        
38. Change in eating habits        
39. Vacation        
40. Christmas        
41. Minor violations of the law        
42. Paying more than 50% of your take home income 
(i.e. after tax etc) in rent or mortgage 
       
43. Mortgage or loans of more than $20, 000        
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C.2 Perceived Stress Scale – 10 item 
Instructions: The questions in this scale ask you about your feelings and thoughts during the last 
week. In each case, please indicate with a check how often you felt or thought a certain way. Please 
circle the appropriate response.  
 
1. In the last week, how often have you been upset because of something that happened unexpectedly? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
2. In the last week, how often have you felt that you were unable to control the important things in 
your life? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
3. In the last week, how often have you felt nervous and “stressed”? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
4. In the last week, how often have you felt confident about your ability to handle your personal 
problems? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
5. In the last week, how often have you felt things were going your way? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
6. In the last week, how often have you found that you could not cope with all the things that you had 
to? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
7. In the last week, how often have you been able to control irritations in your life? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
8. In the last week, how often have you felt that you were on top of things? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
9. In the last week, how often have you been angered because of things that were outside of your 
control? 
 
Never Almost Never Sometime Fairly Often Very Often 
 
 
10. In the last week, how often have you felt difficulties were piling up so high that you could not 
overcome them? 
 





C.3 Daily Hassles and Uplifts Scale 
 
How much of a hassle       How much of an uplift 
was this item for you today?     was this item for you today? 
HASSLES       UPLIFTS 
0 = None or not applicable     0 = None or not applicable 
1 = Somewhat       1 = Somewhat 
2 = Quite a bit       2 = Quite a bit 
3 = A great deal       3 = A great deal 
DIRECTIONS: Please circle one number on the left-hand side and one number on the right-hand side 
for each item. 
 
0  1  2  3   1.  Your child(ren)     0  1  2  3 
0  1  2  3   2.  Your parents or parents-in-law   0  1  2  3   
0  1  2  3   3.  Other relative(s)     0  1  2  3 
0  1  2  3   4.  Your spouse      0  1  2  3 
0  1  2  3   5.  Time spent with family    0  1  2  3 
0  1  2  3   6.  Health or well-being of a family member  0  1  2  3 
0  1  2  3   7.  Sex       0  1  2  3 
0  1  2  3   8.  Intimacy      0  1  2  3 
0  1  2  3   9.  Family-related obligations    0  1  2  3 
0  1  2  3   10.Your friend(s)     0  1  2  3 
0  1  2  3   11.Fellow workers     0  1  2  3 
0  1  2  3   12.Clients, customers, patients, etc.   0  1  2  3 
0  1  2  3   13.Your supervisor or employer    0  1  2  3 
0  1  2  3   14.The nature of your work    0  1  2  3 
0  1  2  3   15. Your work load     0  1  2  3 
0  1  2  3   16. Your job security     0  1  2  3 
0  1  2  3   17.Meeting the deadlines or goals on the job  0  1  2  3 
0  1  2  3   18.Enough money for necessities (e.g., food,  0  1  2  3 
     clothing, housing, health care, taxes, insurance) 
0  1  2  3   19.Enough money for education    0  1  2  3 
0  1  2  3   20.Enough money for emergencies   0  1  2  3 
0  1  2  3   21.Enough money for extras (e.g.,   0  1  2  3 
     entertainment, recreation, vacations) 
0  1  2  3   22.Financial care for someone who doesn't  0  1  2  3 
     live with you 
0  1  2  3   23.Investments      0  1  2  3 
0  1  2  3   24.Your smoking     0  1  2  3 
0  1  2  3   25.Your drinking     0  1  2  3 
0  1  2  3   26.Mood-altering drugs     0  1  2  3 
0  1  2  3   27.Your physical appearance    0  1  2  3 
0  1  2  3   28.Contraception     0  1  2  3 
0  1  2  3   29.Exercise(s)      0  1  2  3 
0  1  2  3   30.Your medical care     0  1  2  3 
0  1  2  3   31.Your health      0  1  2  3 
0  1  2  3   32.Your physical abilities    0  1  2  3 
0  1  2  3   33.The weather      0  1  2  3 
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0  1  2  3   34.News events      0  1  2  3 
0  1  2  3   35.Your environment (e.g., quality of air,  0  1  2  3 
      noise level, greenery) 
0  1  2  3   36. Political or social issues    0  1  2  3 
0  1  2  3   37. Your neighbourhood (e.g., neighbours,  0  1  2  3 
      setting) 
0  1  2  3   38. Conserving (gas, electricity, water,   0  1  2  3 
      petrol, etc.) 
0  1  2  3   39. Pets       0  1  2  3 
0  1  2  3   40. Cooking      0  1  2  3 
0  1  2  3   41. Housework      0  1  2  3 
0  1  2  3   42. Home repairs     0  1  2  3 
0  1  2  3   43. Gardening      0  1  2  3 
0  1  2  3   44. Car maintenance     0  1  2  3 
0  1  2  3   45. Taking care of paperwork (e.g., paying  0  1  2  3 
      bills, filling out forms) 
0  1  2  3   46. Home entertainment (e.g., TV, music,  0  1  2  3 
      reading) 
0  1  2  3   47. Amount of free time     0  1  2  3 
0  1  2  3   48. Recreation and entertainment outside the  0  1  2  3 
      home (e.g., movies, sports, eating out, 
      walking) 
0  1  2  3   49. Eating (at home)     0  1  2  3 
0  1  2  3   50. Church or community organizations   0  1  2  3 
0  1  2  3   51. Legal matters     0  1  2  3 
0  1  2  3   52. Being organized     0  1  2  3 
0  1  2  3   53. Social commitments     0  1  2  3 
 
